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GOVERNMENT POLICIES TO STIMULATE INNOVATION SURVEYED 
Paris LE PROGRES TECHNIQUE in French No 14, 1979 — 


[Article by W. Overmeer and F. Prakke: “Governmental Open Markets Policy 
and Industrial Innovation} 


[Text] This article is the translation of the summary of 
a report prepared by two members of the Strategic Surveys 
Staffgroup of the TNO [Toegepast-Natuurwetenschappel ijk 
Onderzoek) [translation unknown] for the Six Nations Pro- 
gram on governmental policies as they relate to technologic 
innovation in industry. 


An International Experience 


Governments can have an influence on the process of innovation in industry in 
many ways. One of them, which has recently been the object of sustained inter- 
est, is the governmental open markets policy. Interesting initiatives have 
been taken in a few countries. In the United States the Experimental Technol- 
ogy Stimulation Program, since 19735, has been using open markets to provide 
momentum for innovation in areas of national interest, such as the energy, 
health and transportation economies. 


in Canada the Supply and Services Department has formed a special group, 
charged with maximally intensifying the positive effect of the federal govern- 
ment's purchasing power on innovation. In the Federal Republic of Germany, 
the Federal Ministry for Research and Technology has carried out a study of 
the effects produced by purchases by the government in such sectors as the 
technology of pumps for heating, fire protection and equipment for aged and 
handicapped persons. In Sweden, the National Commission for Development of 
Technology (STU), in collaboration with industry and the administration, has 
actively promised that open markets directed toward innovation at the level of 
local collectives will be achieved. 


A recent meeting of the Six devoted to the Innovation Policy was given over 
precisely to evaluating such initiatives. 














There are a number of different reasons for the policy of open markets di- 
rected toward innovation having received so much attention lately. The first 
reason is the obvious success encountered by the American military when they 
used open markets to promote the spectacular development of micro-electronics. 
In the 1950's and 1960's the American government clearly demonstrated in the 
development of electronics, without particularly explaining that a srecific 
plan would make it possible to attain the desired objective. That demonstra- 
tion of governmental interest was continuing, public and supported by the pre- 
grams presented by the various candidates which, although they were never re- 
alized, contributed to the development of the innovation that finally mater- 
ialized in the appearance of integrated circuits. 


The government had a sense of priority for these projects. [t was also pre- 
pared to pay a heavy price for the realization of concepts that had not yet 
been experimented with. It emphasized the necessity of reliability, miniatur- 
ization of the systems and the fact that industry must hold itself in readi- 
ness. The space and military programs were the first creative users and they 
purchased large quantities of electronic components, directly or indirectly. 
In a few years half the industrial production of some components was being 
bought by the government. 


The American government entirely created an environment that was a good con- 
ductor for the innovation of a product at the very beginning of the life cycle 
of that product, although it contributed in no way to the inventions. Thanks 
to the quantities it purchased, it enabled industry to save itself the trouble 
of studies concerning the economics of scale. 


The second reason for the interest shown in the policy of epen markets direct- 
ed toward innovation lies in the conclusions coming out of numerous recent 
studies of the innovation process. Those conclusions emphasize the importance 
of the pressure of demand (demand pull) rather than the pressure of the push 
of technology (technology push) as a critical factor for the success of inno- 
vation. 


Where governmental action in particular is concerned, retrospective studies 
conducted on both sides of the Atlantic concluded that government has influ- 
enced innovation more effectively by articulating the demand than by more 

traditional policies like the subsidies granted to R and D [research and de- 


velopment]. 


The third reason for the interest in open markets is by nature more specula- 
tive and also political. It is linked to the present stage of technologic 
development and to the economic stagnation in the industrialized world. It 
has been maintained that the current economic crisis is the result of profound 
causes connected with the type of technologic change that has characterized 
the third quarter of the 20th century. The spectacular growth of individual 
income during this period and the development of a number of technologies 
based on major innovations of the 1930's have led to a situation in which 
individual needs are now much better satisfied by industr,’ than in the past. 
In fact, a certain saturation of the market by many conser goods is being 














telt, as well as an absence of Significant recent innovations in this area. 


From another direction, many collective or public needs are still unsatisfied, 
and the impact of innovation in this area seems much less strong. It might 

be concluded from this that the modern industrial world has found it such 
easier to respond in an innovative fashion to the demand of the private sec 
tor, rather than to that of the public sector. One might also utilize the 
concept of “natural trajectories” of technologic change, "technologic systems,” 
or “technologic imperatives,” in order to point out that industry and society) 
may be locked into a certain type of behavior, and into a given entity of 
outmoded priorities, characteristic of their present attitude toward innova- 
tion. New “trajectories” must be furthered, and there is one area that seems 
to offer quite naturally an opening for technical change: this is the public 
sector. 


Although it is true that the economic stagnation is closely tied in with an 
absence of technologic change, a significant dossier could be put together 
in order to attract attention to teclmical innovation in the public sector. 
The open market policies that might contribute to it, unlike the past, would 
then take on a new significance. 


Lxcept for electronic equipment developed in the military sector, the public 
sector seems to have been left technologically outdistanced by the private 
sector. The techniques applied to public transportation have developed 

much more slowly than the automobile. The telephone, too, is far behind com- 
puter terminals, and behind the other communication systems of the private 
sector. Collective heating has been supplanted by individual central heating. 
The developments in preventive medicine and health techniques are really weak 
compared to the innovation in the pharmaceutical industry. 


in these various cases, it is thought that a more efficient use of open mar- 
kets by government would be, to some extent, a solution of these problems. 


Finally, it should not be forgotten that industry's interest, as a partner of 
government in the open markets process, is linked to improving the quality of 
the way demand is formulated. Governmental purchases, taken as a whole, reach 
a very high total. Industry also knows very well that innovations most often 
appear in the better-developed markets. A government that contributes to the 
development of markets by improving the open markets process, by doing that 

contributes to raising the competitive capability of its national industry. 


Some Lxamples of Open Markets Oriented Toward Innovation 


in the United States, the Experimental Technology Stimulation Program (ETIP) 
was created in 1975. It was aimed at improving the government's open markets 
policy by showing interest in utilizing in the civilian sector the methods 
employed in the military sector. It was also seeking to cooperate with fed- 
eral agencies and those responsible for purchasing at the local and government- 
al level in order to influence their practices in the open markets. There 
were a number of experimentations, for example a very low-priced piece of e- 
quipment for carrying out blood analyses, a solar electric plant and a quiet 
and highly profitable air conditioner for individual housing. 
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None of the experiments attempted vy the ETIP seem to have met with auch 
success, bus it was really because of this program that ideas like “per- 
formance specification” and “cost and duration of product life” were intro- 
duced into »ractice in the open markets procedure at federal and local levels. 


in Sweden, the STU has set up a program responsible for promoting open mar- 
kets oriented toward innovation at the local level. 


Programs huve been undertaken in such sectors as: 
Collection and treatment of household refuse 
Systems for dealing with information for local Ccomaunities 
Public transportation 
Fire prevention and firefighting 


The use of outside skills by local communities is considered an important part 
of the programs. For example, the STU is going to put in place courses on 
open markets for local administrations. They will be given by the people 
responsible for open markets at the Swedish Telephone Company and the Defense 
Ministry. Other activities provide for: increasing access to knowledge in 
the field by publishing lexicons containing news of the purchase of 

varied urban technologies by the local authorities; establishing a list of 
available experts in the country; researching means of evaluating the open 
markets policy abroad; developing the proper experience in the STU in open 
markets questions; instituting an advisory committee within the STU, to aid 
local and regional authorities. 


In addition to such programs aimed at generally improving the open markets 
practice, in many countries there exist important technologic programs--non- 
military--toward which open markets--if they are rroperly applied--can make 
4 major contribution. 


in France, the "Calculation Plan" is the product of an industrial policy whose 
goal is to maintain French industry at the level of international competition 
in computer technology. A secondary objective is to develop equipment that 
will be more responsive to the special demand of the French government and 
other users in France. 


French industry and the public sector are cooperating in the following manner: 
inside the government, each ministerial department has a “Computer Commission." 
its membership is made up of civil servants from the ministry concerned and a 
representative of the “Computer Mission." This Mission :s responsible for 

the purchase of electronic equipment in French industry, and is part of the 
industry Board. This means that industry, through the Computer Mission, re- 
presented on the Computer Commission of each ministry, thus obtains very broad 
knowledge of the future requirements of the public sector. In other Buropean 
countries similar plans of action can be discerned. 
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ing ground for all potential industrial applications oi: fiber optics asa new 
cquipacnt. Naturally, it is interesting to note that such tnnovations could 
never be introduced by an ordinary business firm withcut the government's conm- 
plete cooperation. in the telecommunications field, the leaders of the ftuture 
may not be the companies possessing the highest technical skill, but those 
that operate in countries where government and other interested partners, sech 
as telephone companies and broadcasting organizations, have the willingness 
and shill to cooperate in the process of fulfilling the demand. This shoulc 
not be done in a narrow technocratic manner. The same is true for taking de- 
cisions on nuclear encrgy questions; that should be a new political process 
transcending the traditional party game, and not be subject to the interests 
of special pressure groups. 


batterences Between Military and Civilian Open Markets 


iNaving given several examples of governmental open markets used to stimulauie 
and direct industrial innovatior in the civil sector, it is useful now for us 
to take up the example of the military open market and mecro-electronics. 


We have to ask ourselves what. are the critical differences existing between 
these two sectors. They are especially manifested in two fields: the influ- 
ence of the market and governmental organization. 


The most significant difference at the market level is probably that, from the 
point of view of the demand, the American military sector, as a heavy purchas- 
er and in many “ases the sole purchaser, actually has at its disposal a form- 
idable power. in only a few years the government has bought half of the in- 
dustrial production of certain electronic com-~nents. In the contract con- 
cluded with the government in 1950, the "Research and Development" total was 
raised to about 60 percent :f the total expenditures committed by IBM in that 
sector. From the point of view of bidding, industry was charscteriz +; 
heavy competition, but also by profit margins which enabled it to finance i. 
search and development independently. 


Where market power is concerned, serious difiiculties must be surmounted in 
the civilian open markets. Regrouping the markets. although vifficult to ac- 
complish politically, must, however, be accomplished before any market power 
can influence sectors such as those of urban technology or health equipment. 


As we have seen in the case of air conditioneys, the demand may be largely pri- 
vate and consumers may choose to purchase a prettier and less expensive model 
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than the low-cost, long-lived one purchased by the government [a5 published]. 
shen a goverment holds only a small fraction of the total demand for a giv- 

en product, the open market policy must sometimes be satisfactorily supple- 
mented 9y other measures, such as controls. Although it is impossible to gen- 
eralize, it can be said that industries engaged in such areas as urban techno!- 
ogy and health often have profit margins that are too low, which Joes not ai- 
low them to support Research and Development costs. Total sales in certain 
special sectors are too minimzl to encourage the taking of risks. in Great 
britain, the development of portable toilets, considered very important for 
elderly persons and the handicapped, had to undertaken commercially by the 
NRDC [expansion unknown], which is a semi-governmental organization. In oth- 
er cases, the competition may not be vigorous enough, or the government may 
even discourage it, in fact. It too often happens that in the field of an ad- 
vanced technology of great importance, such as telecommunications equipment or 
nuclear reactors, the government guarantecs a particular firm, by contract, 

@ <omsiderable number of purchases, with the sole goal of preserving that firm's 
business volume without paying attention to its technical competence. 


The danger of such a policy--not to mention the wrong inflicted on free trade-- 
is still that such a firm, or such a group of companies, may lose sight of its 
own interest, which is to remain technologically competitive on the interna- 
tional rarket. 


From that point of view the largest nations, endowed with several large pro- 
cedures, are in a more tavorable position because they can organize the compe- 
tition without having to make the decision--a politically difficult one--that 
they will have to purchase abroad. 


The second important difference between the civilian open market and the mili- 
tary is to be found at the g«vernmenial organization level. The military sec- 
tor is tightly organized and the consensus obtained in order to attain its ob- 
jectives is comparatively strong. Moreover, within this same sector is found 
the technical skill that is indispensable to the evaluation of bids coming 
from industry. This makes it possible to break through the interface between 
Research and Development that too often remains a line of demarcation that is 
difficult to cross, both for the people who know what is technically possible 
to accomplish and for those who know how to estimate the real needs. 


The military sector's organizational skills make it possible to diminish the 
effects of uncertainty vis-a-vis industry at the time decisions are being tak- 
en with regard to a new technolcgy. This uncertainty is greater if the tech- 
nology in question is at an only slightly advanced stage of its development, 
aS was the case with micro-electronics in the 1950's. However, one must ob- 
serve that the result of research on the development of micro-electronics af- 
ter the war has shown that in no case was the miiitary sector directly re- 
sponsible for major innovations, such as the tr .nsistor or the integrated cir- 
cuit. The real advantages had to do chiefly with the acceleration of the pro- 
cess of development and broadcasting. 
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But in general the efforts to develop this policy in the civil sector must 
reckon with bureaucratic or political organizations anc contlicting objectives. 
Moreover, those objectives 2re mot diways fixed, and are subject to constraints 
from certain pressure groups. The government does aot usually find in its own 
lepartments the skill necessary for evaluating different bids. So it is at 

the mercy of the pressure groups. The resuiting uncertainty may be disastrous 
for the innovative producer. It is interesting to note that the cooperation 
between industry ar 1 government, such 42S Exists in the sector oft the computer 
oF telecommunic °—. ndustry, is in a number of countries the direct heir of 
the cooperatiy ctiviiies of the Second World War. 


To sum up the di.‘ .icace that exists between the open market in the American 
military sector and the civilian programs currently being undertaken, I will 
say that in the first case, the factors related to the market and organization 
were exceptionally favorable. This doe» not mean that nothing ought to be at- 
tempted in the civil sector. However, it means that one should maneuver wirh 
extreme care in markets where competitive relations are favorable. 


Moreover, the goverraent should be organized around technologic decisions in 
such a way that uncertainty about manufacturers is diminished. In some cases 
this means broad political discussions leading to a reasonable consensus fixed 
on technologi< choices. In other cases the market's globalization must be ac- 
cumplished, or new open market techniques, such as utilizing performance spec- 
ifications, must be introduced into governmental practice. These are not easy 
or utopian suggestions. Many countries are engaged in concrete programs to 
attain tnese goals. That can lead to a process of orgarizational apprentice- 
ship, which may seem slow at first, but which can ultimately become an impor- 
tant factor in stimulating and directing innovative activity, to the profit 

of both industry and the public. 


onc lusion 


In summary, the following recommendations may be advanced: 


The open market is an instrument than can both promote and direct innova 
tion. As such, it should be one of the key instruments cf the government s 
innovation policy. 
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Outside of the military sector, experience in the policy of open mar- 
kets oriented towarc innovation remains insufficient. A few exceptions 
aside, government has let itself be outdistanced in exploring the possi- 
bilities offered by this policy. Experimentation within each national 
context is important because technical accomplishments and their effects 
depend largely on specific circumstances, both cultural and structurel. 


Improvement in the practice of ope. markets cai: be obtained by regroup- 
ing the markets into areas like those that affect the well-being of aged 
persons, medical technology, fire protection, public transportation, col- 
lective heating and port installations. 


The governmental open market shou:d not lead to protectionisa@ in the 
public sector, which is becoming increasingly important. It is neverthe- 
less probably acceptable and necessary to use the open market to aid in 
developing certain technologies that are taking their "first steps,” es- 
pecially since that is being done in other countries. 


The effectiveness of the open market depends largely on the way in which 
the government is organized and the procedures it intends to use. The 
absence of skills in its own ranks, particularly at the local level, is 
for the moment the major curb on utilizing the open market with the goal 
of promoting innovations. 
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INTERNATIONAL AFFAIRS 


DEVELOPMENT OF ARIANE'S MAJOR COMPONENTS DISCUSSED 
Paris L*AERONAUTIQUE ET L*ASTRONAUTIQUE in French No 77, 1979-4 pp 35-48 


[Article by M. Desloire, National Center for Space Studies (CNES), Director- 
ate of Launchers, Evry] 


[Text] in 1973, Europe decided to undertake the development of a satellite 
launcher known as “Ariane.” Ten countries and most of the European aerospace 
companies are participating in this program, the administration of which the 
ESA [European Space Agency] entrusted to the National Center for Space Studies. 


Ariane was designed making maximum use of technologies and methods known and 
tested in Europe so as to ensure the technical and financial success of the 
operation and keep to the schedule. With respect to structures, it was de- 
cided that the main fuel tanks would be made from conventional alloys and 
that the connecting structures (skirts, interstages, and so on) would be 
made of a light alloy and e2rufactured using conventional aeronautical tech- 
niques. 


However, in order to achieve good performance, it was necessary to reduce 

to the maximum possible extent the mass of every element making up the launcher. 
Since the program was European, responsibility for the definition and manu- 
facture of the structures was distributed among all the European aerospace 
firms. Consequently, in order to ensure an optimal and homogeneous defini- 
tion of the launcher’s structures and guarantee development in keeping with 

the general planning of the launcher, it was essential to keep a close watch 
over every aspect of development. Furthermore, general management specifi- 
cations, design and structure test specifications and general specifications 
relating io loads placed on the launcher were set forth. 


Following a brief description of the main structures of the launcher, we 
shall spell out the development plan followed for the structures, including 
the different phases in time. We shall then discuss the following points 
in detail: structure design specifications; size specifications; methods 
of calculation used; and tests completed, emphasizing static and dynamic 
tests. 

















Finally, we shall give an idea of the safety margins obtained for these 
-‘ructures following the tests and calculations made and as they emerged 

rrom the conclusions of the seminars on the structures of the Ariane launcher 
held in October 1978 in Villars-de-Lans, organized by the CNES and the AAAF 
[Aeronautical and Astronautical Association of France}. 


Beief Description of Structures of Ariane Launcher 


Figure 1 [below] shows the Ariane launcher. It is made up of three stages 
topped by an equipment compartment also used to support the payload and a 

nose cone to protect the payload as it passes through the dense layers of 

the atmosphere before heading for an altitude of 110 kilometers. 





The first stage is propelled by 145 tons of coupled fuels: UDMH-N 204, 
This stage has a diameter of 3.8 meters and its main structures are: 


two identical tanks, one containing the UDMH and the other the N 204. These 
tanks are made of 15 CDV 6 steel and are pressurized at a relative level of 

5 bars by hot gases from the engines. These tanks are made by the end-to-end 
welding, using the TIG process, of rolled sheet metal and bottom plates. 

The inner surface of the tanks is protected by an aluminum coating put on 

by shoopage [translation unknown]. The height of the tanks is 6.7 meters. 


(Construction by Aerospace, France) (Figure 2) 


the 2.3-meter-high, cylindrical engine mounting, which transmits the thrust 
from the four engines and which is made of a light alloy; 


(Construction by Man, Germany) (Figure 3) 


a “ring" containing water needed tc operate the engines. This ring is made 
of stainless steel and is suspended by a system of rods inside the engine 
mounting. 


(Construction by Man, Germany) 
A 2.J/-meter-high skirt links the two tanks and another 1.5-meter-high skirt 


tops the upper tank and receives the stage's electrical equipment. These 
two skirts are of a light alloy stiffened by framing and rails. 


(Construction by Casa, Spain) 


At its base, this stage has four other vanes ensuring the stability of the 
launcher and four fillets protecting the engines; 


(Construction by Sabca, Belgium) 


and a heat shield protecting the organs of th: rear portion of the stage 
from the intense heat from the engine blast. 


(Construction by Aerospace, France) 
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Key to Figure IL: 


1. Payload 22. Braking rockets (3) 

2. Nose cone separation level 23. Shockproofing 

3. Separation level, Stage 3/payload 24. WN 204 tank 

4. Nose cone 25. UDMH tank 

5. Equipment compartment 26. Acceleration rockets (6) 

6. Payload adapter 27. Stage 2 engine mounting 

7. Equipment ccoapartment 28. 1/2 separation level 

8. Sealing membrane 29. Stage 2 water ring 

9. Antennas 30. 1/2 interstage skirt 

10. Liquid hydrogen tank 31. Stage 2 engine - 1 Viking IV 

ll. Shockproofing 32. Braking rockets (8) 

12. Liquid oxygen tank 33. Electrical pipe 

13. Acceleration rockets (4) 34. N204 tank 

14. Attitude and lateral control 35. N204 delivery pipes (4) 
systems (SCAR) 36. Intertank skirt 

15. Level of separation 2/3 37. UDMH tank 

16. Stage 3 engine sounting 38. Stage 1 engine mounting 

17. Stage 3 HM7 engine 39. Stage 1 water ring 

18. Pressurization helium tank 40. Vanes 

19. Pressurization helium tanks 41. Fillets 

20. 2/3 interstage skirt 42. Stage 1 engines - 4 Viking V 

21. Front skirt for Stage 2 43. Cutaway view of the launcher 


A 3,.3-meter-high tapered skirt connects Stages 1 and 2. Like the other 
skirts, it is made of a light alloy and stiffened by framework and rails 
following traditional aeronautical techniques. 


(Construction by Fokker, Holland) (Figure 4) 


Like Stage 1, Stage 2 is propelled by the UDMH-N 204 fuel combination (34 
tons). This stage has a diameter of 2.6 meters. Its main structures 
include the following: 


The main tenk is built of alloyed sheet metal AZ 5 G (7 020), formed and 
welded end to end by means of the TIG process. In order to reduce the 
mass of this tank, the thickness of the sheet metal in nonwelded areas is 
reduced by chemical finishing. Likewise, a common bottom separates the 
two compartments containing the two different fuels. This tank is pres- 
surized by means of helium gas. It is 6.5 meters high. 


(Construction by Dornier, Germany) (Figure 5) 


A tapered engine mounting made of a light alloy and stiffened during con- 
struction by a frame and ribbands transmits the engine's thrust to the stage. 


(Construction by ERNO-MBB, Germany) 
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Figure 4. Interstage 1/2. 





Figure 5. Main tank, Stage 2. 











A rear skirt 1.55 meters high and a forward skirt 1.25 meters high, also 
made of a light alloy and stiffened by framework and ribbands, support the 
stage’s various equipment components, particularly a water ring for the 
rear skirt and the tanks containing helium to be used in pressurization, 
for the forward skirt. 


(Construction by ERNO-MBB, Germany) 


A cylindrical skirt 2.75 meters high connects the second and third stages. 
It is made of a light alloy and is customarily stiffened by framework and 
ribbands. 


(Construction by Fokker, Holland) 


The third stage is propelled by 8 tons of the team of cryogenic fuels: liquid 
oxygen and liquid hydrogen. Its diameter is identical to that of the second 


stage: 2.6 meters. 
The structural portion includes: 


the main tank, made of AZ 5 G sheet metal (7 020), formed and end-welded by 
means of the TIG process. Its total height is 6.3 meters. The thickness 
of the sheet metal in nonwelded areas is also reduced by chemical finishing. 
For this tank also, a common bottom separates the two compartments holding 
the two different fuels. The exterior wall of this tank containing the 
cryogenic fuels is protected from the surrounding temperature by thermal 
insulation composed of PVC foam (trade mark Klegecell). 


(Construction by Air Liquide, France) (Figures 6 and 7) 


the cone-shaped engine mounting maede of a light alloy and stiffened by 
framework and ribbands, which transmits the engine's thrust to the stage. 
This engine mounting also supports the equipment and various accessories 
of the stage, including the tank containing the cold helium gas needed to 
pressurize the main tank. 


(Construction by Fokker, Holland) 


The equipment casing supports the main electrical equipment of the launcher 
and also connects Stage 3 with the payload and the nose cone. It includes 
a cylindrical portion and a truncated portion. It is made of a light 
alloy stiffened by framework end ribbands. 


(Construction by Matra-France and Casa-Spain) (See Figure 8) 


The nose cone is made of two symmetrical parts connected during the first 
stages of flight and subsequently separated by means of a pyrotechnical sys- 
tem of separation. The main dimensions of the cone are: diameter of the 
cylindricéi portion, 3.2 meters; height of the cylindrical portion, 4 meters; 
and total height, 8.65 meters. 
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Table 12. Properties of thermal insu ation. 


On this basis, the systems studies made by Aerospace sade it possible to 
publish the preliminary specifications concerning mectanical and thermal 
loads on the structures. At this same time also — mid 1973 — the CNES 
and Aerospace defined the general management specifications and specifica- 
tions for the design and testing of the structures (SC 1-10). 


Following the selection of manufacturers to handle each structure of the 
launcher at the end of 1973 and the beginning of 1974, using the specifica- 
tions available, each one undertook to define the preliminary dimensions 

of the structure in question. Upon completion of this phase, the prelia- 
inary definition review (RDP) accesited the main characteristics of the 
structure defined (mid 1974). 


At the systeus level, this new information and the results of the aerodyna- 
mic tests made in a wind tunnel made it possible to begin the second series 
of attitude control studies, POGO studies and studies of general stress 

and thermal flux making it possible to set the final specifications 
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Key to Figure 13: 


l Systems leve! 20. Anticipated tirst flight 
2. Aerodynamic tests 21. Subsystems level 
3. Design studies (CNES/SNIAS) 22. Technical specifications for 
+ Dimensions - masses each structure 
5 Systems studies, first series 23. Preliminary sizing 
6 General stress 24. Disensions 
Thermal flux Masses 
Attitude control - PCGGO Rigidity 
7. Management specifications 25. Definition review 
8. Size specificaticns 25. Detailed definition and 
9. Preliminary loads development tests 
10. Systems studies, second series 27. Final dimensions 
ll. (like first series) Masses 
12. Rigidity requirements Rigidities 
13. Local studies Local sodels 
14. Bench firing tests 28. Critical definition review 
15. Dynamic sockup 29. Evaluation tests 
16. Subsystems dynamic tests 30. Evaluation review and final 
17. Simulated attitude control tests acceptance of definition 
18. Systems studies, third series 3l. Delivery of flight sample 
19. Verification of general stress and 32. Plan of development for Ariane 
thermal flux (notes NT1-387 and structures 
NT1-461) 


relating to aecodynamic flux (SCG 1-21), general stress (SG 1-22) and the 
dynamic atmosphere (SCG 1-23) and to set the rigidity criteria for some struc- 
tures (SC 1-25). Also at that time, between the siddle and end of 1974, 

the standards for support sizes were decided upon. 


A little later and as the tests and _tudies progressed, a general specifica- 
tion giving special loads was worked out (SG 1-24): loads on the external 
protuberances of the launcher, pressure and thermal loads on the base of 
the stages, dynamic loids on the water rings.... 


Taking these final specifications and the opinion of the RDP into account, 
the manufacturer responsi:le for each given structure began the detailed 
sizing of the structure, procured materials and made the manufacturing 
equipment. If need be, he carried out tests to strengther sizes. Likewise, 
he began the first development models. This phase concluded with the criti- 
cal review which accepted the definitions proposed in order to begin evalua- 
tion tests (end of 1976, beginning of 1977). 


At the systems level, the dynamic mockup tests began (research on overall 
modes), along with dynamic tests on completely equipped subsystems, atti- 
tude control tests, followed by firing tests on the stage bench. Gradually, 
the results of the structure evaluation tests were available. 
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The overall results of the systems tests and the individual tests on each 
structure make it possible to bring the overall modiis up to date and redo 
a third series of studies. 


The general stress and thermal flux obtained by the last series of studies 
are slightly lower than specifications. These studies make it possible to 
gain an even more realistic understanding of the behavior of the launcher 
and sharpen expectations for the first flights. 


For each structure, once the evaluation tests are firished, an evaluation 
committee accepts or rejects the results of the tests and accepts or re- 
jects the final definition of the structure, which makes it possible to 
establish the configuration of the first flight specimen. 


General Requirements for Design of Ariane Launcher Structures 


These requirements were set forth at the beginning of the program by Aero- 
space and the CNES in the general design and structure test specifications 
(SG 1-10). 


The basic principles set forth for the sizing of the launcher structure are: 


Sizes must essentially be based on conditions corresponding to launching 
and flight. 


Sizing is done by realistically combining the different types of loads 
that might simultaneously appear. 


The sizing of a structural element must be done taking into account conditions 
within the limits linked to the presence of adjacent elements. 


For loads under the limits, structures must not present any local buckling 
considered to be excessive distorsion. 


The sizing of a tank under pressure gust take into account problems linked 
to the appearance of splits under permanent and cyclical stress in the pre- 
sence of the environment, foliowing the methods of fracture mechanics. 


The structure must not be sized to support loads, pressures, thermal gradients 
and temperatures resulting from the failure of another system which could 
cause failure of the mission. 


The POGO effect is not considered to be a source of excitation for the sain 
structure. On the other hand, it is **ken int. account for the sizing of 
the so-called “parallel” structures such as water rings, engine sounting, 


equipment supports.... 


The flutter phenomenon must not appear in the entire range of dynamic pres- 
sures corresponding to the different missions of the launcher. 














Sizing of the structure takes reliability objectives into account by means 
of safety factors. 


Safety factors apply to load and pressure limits. 
They do not apply to temperatures, temperature gradients and thermal flux. 


The safety factors retained for the Ariane launcher structure are as follows: 


jE jR 
Structures Other Than Tanks Under Pressure 1.10 1.25 
Tanks Structural tanks 1.10 hea 
under 
pressure Pressurization tanks 1.50 2.0 
Tubing, valves 1.50 2.5 


In this table: 


jE = limsit safety factor. For mechanical loads, it is the ratio between the 
load at the elastic stress limit and the load limit. For loads due to pres- 
sure, it is the ratio between pressure at the elastic stress limit and the 
pressure limit. 


jR = extreme safety factor. For mechanical loads, it is the ratio between 
the extreme load and the peak load. For loads due to pressure, it is the 
ratio between the extreme pressure and the peak pressure. Beyond these 
loads or extreme pressures, the structure may break. 


It should be noted that the limit load and limit pressure are maximum loads 
or maximus differential pressures that one can expect to encounter during 
the life of the structure in the presence of the environment. 


Sizing Loads 


Tae structures of a launcher are subjected to loads from: aerodynamic pres- 
sures; the effect of the wind and squalls; acceleration in flight due to 
engine thrust; vibrations caused by instability of engines or a POGO pheno- 
menon; shock at the time of separation operations; acoustical noise due to 
operation of the engines and the breaking of the sound barrier; reactions 
due to the operation of organs such as booster control; the shaking of 
liquids; differential pressures reigning throughout a pressurized tank and 
throughout the different compartments of the leuncher — actually, the 
evolution in pressure of a compartment that is not airtight follows the change 
in external pressure with a certain delay; temperatures due to aerodynamic 
heating; the range of temperature imposed by the operation of the launcher 


(cryogenic tank, operation of the engines...). 
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At the beginning of the program, these loads were the subject of the follow- 
ing general specifications set forth by Aerospace (see Figure 14): 


SG 1-21: external and internal thermal flux 

SG 1-22: general stress on the ground and in flight at the time of maximum 
dynamic pressure, the end of propulsion of the first stage and the end of 
propulsion of the second stage 

SC 1-23: dynamic atmosphere; sinusoidal vibrations, random vibrations, 
acoustical noise. 


As the local studies and tests were carried out, a special loads document 
was drawn up. It gives the mechanical and heat loads on the particular 

elements of the launcher, such as external protuberances, fillets, vanes, 
heat shield and the so-called “parallel” elements such as the water rings. 


In addition, rigidity requirements were set up for these so-called parallel 
structures: water rings, engine mountings, equipment supports (SG 1-25). 


For example, the first axial frequency of engine mounting H 8 is specified 
as being over 80 Hz so that this element will not cause a POGO risk for 
stage H 8. 


Likewise, the lateral rigidity of the cover is imposed in order to guarantee 
the useful volume reserved for the satellite. 


The first resonance frequency of the equipment supports must be greater 
than 60 Hz. 








Considering the low safety coefficients chosen and the mass specifications 
imposed for each structure, sizing was done in a very detailed fashion. In 
addition to his long experience in aeronautical structures, every contrac- 
tor used modern methods of calculating structures by finished elements. 


For example, the equipment compartment was fashioned with the aid of the 

SAMCEF code of the University of Liege (Belgium). Most of the contractors 
made broad use of the Nastran code. Figure 15 shows the model of a fourth 
of the engine mounting of Stage 1, built by MAN using the Nastran program. 


For the calculations of a structure, it was necessary to take into account 
the influence of <~he two neighboring structures. Therefore, the mathemati- 
cal models of a structure also included the modeling of the closest portion 
of the adjacent elements. This made it possible to know the added stress 
that a structure placed on the neighboring structure. Since the latter 

was also the object of similar calculations, it was easy to compare results. 


For pressurized tanks, calculations based on mechanical fracture tests made 
it possible to determine the testing coefficient. We shall not go into de- 
tail on this subject, which was the subject of Communication 78-216 to the 
IAF Congress in Dubrovnik in 1978. 


"Study of the Fracture Mechanics Phenomena in the Ariane Program," by 
N. Hrisafovic and J.-P. Ledey. 
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Figure 14. Drafting of applicable documents. 


Key: 
l. Systems Studies 4. Special requirements (Rigidities) 
2. Systems Data Nose cone 
Aerodynamic data Equipment compartment 
Masses Stage 3: Engine mounting 
Rigidities Stage 2: Engine mounting and 
Trajectories water ring 
Attitude control law Stage 1: Engine mounting and 
3. Sources of Stimulation water ring 
Wind 5. Applicable documents 
Squalls General stress SG-1-22 
Pipe agitation Dynamic atmosphere SG-1-23 
Engine thrust Thermal load SG-1-21 
Engine thrust decay Special loads SG-1-24 
Asymmetrical thrust 
Engine noise 
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Yigure 15. Drawing of a fourth of the engine mounting of Stage 1 for a 
stress analysis (Nastran modeling done by MAN). 


Tests 


Table 16 recapitulates all the principal tests made on the structures of the 
Ariane launcher. Since the thermal environment of the launcher is not parti- 
cularly harsh, except at the base of the first stage and in the vicinity of 
the Stage 3 cryogenic tank, it was our belief that one could have great con- 
fidence in calculations made in this field. Consequently, few heat tests 
vere made. 


Above all, we insisted that, in addition to static tests making it possible 
to verify the ability of tanks to stand up to general stress or pressure and 
to measure the rigidity of a given element: dynamic tests be made on 
equipped structures in order to ensure proper design of the various supports 
and the resistance of the assemblages; and thst corrosion tests and fracture 
mechanics tests be completed for pressurized tanks in oréer to ensure that 
materials, technologies and manufacturing specifications chosen for manufac- 
ture of — specimen would enable it to meet demands placed upon it through- 
out its life. 


Static tests are conventional and we are only going to emphasize a few pre- 
cautions taken regarding them in the course of the program: 


1 — In order to achieve the best possible representation of disturbances 
coming from adjacent structures, the latter are represented either totally 
or partially at the time of tests. 
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Key to Table 16: 


1. Test elements 24. Intertank skirt 

2. Heat 25. Engine mounting 

3. Static 26. Water ring 

4. Dynamic 27. Vanes 

5. Other 28. Fillets 

6. Nose cone 29. Heat shield 

7. Equipment compartment 30. Partially 

8. Stage 3 31. Wo 

9. Main tank 32. Yes 

10. Engine mounting 33. E.G. = General stress 

ll. Helium tank 3%. P = pressure 

12. Interstage 2/3 35. Research on modes 

13. Stage 2 36. Locally 

14. Main tank 37. Overall 

15. Forward skirt 38. Separation tests 

16. Helium tank 39. Acoustic attenuation tests 

17. Rear skirt 40. Fracture mechanics 

18. Engine mounting 41. Corrosion and fracture mechanics 
19. Water ring 42. Heating during bench firing 

20. Interstage 1/2 43. Harsh accoustical atmosphere during 
21. Stage 1 bench firing 

22. Main tank 44. Table 16. Principal structural 
23. Forward skirt tests completed 


For example, photo 17 shows the skirt before Stage 1 being tested with a 
tapered structure simulating interstage skirt 1/2. 


2 — In order to ensure the validity of calculations made for the sizing of 
each structure, before each test, it was required that there be a prediction 
of the response of the structure in its test configuration in accordance with 
a method and modeling similar to those used for sizing. During the actual 
tests, it was necessary to see that results agreed with predictions. 


Figure 19 shows a comparison of the meridional stress between tests and 
calculations for the rear flange of the main Stage 1 tank. 


3 -- In order to avoid useless failures, it was required that there be a 
partial analysis of points deemed critical before moving on to the subsequent 
phase of testing. 


4 — In order to rule on the qualification of a specimen, the latter could 
not collapse or rupture at a value 1.25 times the specified loads, multiplied 
by a correcting coefficient greater than the unit. This correcting coeffi- 
cient is necessary in order to take into account: 


a) the fact that the test is not always very representative of the flight 
from the standpoint of loading (thermic effects not represented, for example) 
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Figure 19. Main Stage 1 tank, rear flange. Comparison of meridional stress 
between prediction and test results. 


Key: 
l. Test results 5. Reference ellipse 
2. According to calculations 6. Weld 
3. Internal 7. Cylindrical portion 
4. External 8. Connecting flange 


or from the standpoint of limit conditions. The structure must then bz over- 
loaded so that it will work as if it were in flight. 


b) the fact that the rating specimen, a series specimen, is not the “minimum” 
or “weakest" specimen that can be made and accepted in the future. Conse- 
quently, as the thickness is generally greater than the minimum thickness 

that can be accepted, it is necessary to overload the test structure so that 
during the rating, it will experience at least the same stress as the struc- 
ture that would have the minimum acceptable thickness. 


5 — For tests of resistance to general stress or internal pressure, they 
were continued until collapse or rupture so as to reveal the safety mar- 
gins which the basic launcher has and which could be used for future improve- 
ments (see photos 17, 18, 20 and 21). 
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Decided upon at the very beginning of the program, the dynamic tests vere 
very useful in revealing flaws in the design of supports. 


These tests were conducted on subsets having one or several structures, which 
structures were accompanied by their supports, equipment, piping, and so on. 


Considering the mass and disensions of these subsets, the tests were made at 
the Aerospace test laboratory in Gatines (France). This laboratory has a 
160,000-N vibrating facility made up of four 40,000-N vibrating chambers 
coupled together. 





The tests were made on the three axes: in the sinusoidal (from 5 to 200 Hz) 
and white noise (range of frequency from 5 to 2,000 Hz) ranges. 


In the sinusoidal range, for example, three distinct levels were considered: 


a preliminary level of 1 g from 5 to 200 Hz; an intermediate leve’ (level 
specified in flight) of 4 g from 10 to 45 Hz and of 1.5 g from 45 to 200 Hz; 
and a high level (qualification level) of 6 g from 10 to 45 Hz and of 2.25 ¢8 
from 45 to 200 Hz. 


Criteria determining success of the tests include: 


no rupture, failure or excessive buckling of the elements constituting the 
test specimen, 


the first frequency of the supports must be ,reater than 60 Hz; and 


the support amplification coefficient must be lower than 15 for the inter- 
mediate level. 


Supports that do not meet these criteria were modified following tests or 
if the modifications were too substantial, the equipment supported was 
overqualified. 


Figures 22 and 23 show the forward skirt of the second stage and the engine 
mounting of the third stage on the vibrating test bench. 


At the conclusion of these tests, all the structural elements of the launcher 
have to date successfu’ly passed the qualification tests and in most cases, 
testing was continued until a rupture occurred, which makes it possible to 
establish with confidence the safety margins of the elements. 


Available Safety Margins 


Since the detailed testing of all the structural elements is not completed, 
the margins given in Figures 24 and 25 are still provisional and must there- 
fore be viewed with caution. They result from the presentations made by 

the contractors and the discussions that followed at the seminars on the 
Ariane launcher structures, held in Villers-de-Lans from 17 to 20 October 1978. 
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Figure 24. Safety margins under Pigure 25. Safety margins under 
general stress. other types of stress. 


Key: 
1. (MS = safety margin) 


Max. stress spec Kil. 


2. At time of mxisum dynamic pressure 
3. At end of Stage 1 flight (thermal 
effects considered 
4. MS = Rupture pressure 241 
Max. pressure specified X 1.25 
5. Pressure 
6. Hitch 

















An examination of these figures shows that: 


most of the structures have their sinisus sargin at the end of the Stage 1 
fiight,. due to the consideration given to thermal stress; and that 


the most critical structures are the rear skirt of Stage 2, the interstage 
skirt 1/2 and above all, the structures of the upper portion of the launcher: 
that is, the payload adapter, the cryogenic tank and Stage 3 engine mounting, 
which is logical because it is for these elements that the increase in mass 
contributes gost of the launcher’s performance. 


The available sargins make it possible to study improved versions of the 
Ariane launcher. The first phase of izprovements, now well undervay, consists 
of: 


the addition of two make-up boosters, each having 7 tons of powder, to the 
first stage; 


a lengthening of the third stage in order to go from 8 to 10 tons of cryogenic 
fuels; and 


a lengthening of the nose cone or shroud, in order to carry larger satellites. 
Conclusion 


The purpose of this article was to describe the development plan for the 
Ariane launcher structures, to mention a few precautions that seemed vorth- 
while to recall for future developments and to share our satisfaction over 
the good results obtained. 


Tne first flight of the launcher is expected to take place in November i979. 
All the structures needed for the flight have now been manufactured. 


Initially designed to put 1,500 kilograms into a geostationary transfer orbit, 
Ariane is now capable of carrying over 1,700 kilograms. Because of their 
good performance — that is, their low mass — the structures are substan- 
tially responsible for this increase in the launcher's capacity. 


The safety margins of these structures vill also be useful for the even sore 
efficient versions of the Ariane launcher now being designed. 


11,464 
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INTERNATIONAL AFFAIRS 


USE OF SWEDISH-DEVELOPED STEEL FOR MACHINE TOOLS IN FRC 
Duesseldorf HANDELSBLATT in German 3 Oct 79 p 190 


[Article by HB: “Uddeholm Starts Trend by Developing Powder Metallurgical 
Steel” ] 


[Text] According to Uddeholmstahl Ltd in Hilden an 
increasing number of manufacturers of metal-cutting 
precision tools has decided to include in their produc- 
tion program tools made of powder metallurgical ASP high- 
speed tool steel. Im spite of their higher cost the 
improvement in the performance of these tools is such 
that it outweighs the increased investment. 


Especially mass producers among the steel processors are interested in 
solving their difficult tool-making problems in this manner and are making 
increasing use of this method with the view of achieving potential savings. 


Uddeholm expects to shift the quality of most types of its precision tools 
toward higher alloy steel types made by powder cetallurgy. The feared micro- 
scopically fine dents in the cutting edge, umrecognizable as such in practice 
and attributed to wear, are reportedly prevented by the high degree of 
toughness of these tools. Steel-working (grinding) problems, which hitherto 
discouraged more widespread use of high-alloyed steels, combined with the 
requirement of a simultaneous high degree of hardness and toughness-——-to 
prevent tool failure as a result of a clean break--are reportedly eliminated 
by the use of ASP steels. 


Gear Shaper Cutters Prove Themselves 


According to Uddeholm reports, in the introductory stage gear shaper cutters 
have proven especially useful in the production of gear wheels and threading 
tools. In the meantime two types of tools made of ASP steel reportedly 
captured a “considerable” proportion of the market. Considerable improve- 
ment has reportedly been achieved in the performance of scraping tools and 
reamers. 

















Shank-type cutters, for example for mold making and those used in the 
aircraft industry, have also shown promise as well as hobbing machines for 
the production of gear wheels where, however, special profiles are largely 
required. Structural steels for special production methods reportedly 
also constitute an interesting field for the application of ASP steels in 
metal cutting. 


The most interesting non-cutting shaping fields are allegedly cold impact 
pressing, various other work processes used in the bolt and nut industry and 
dry powder metal pressing. Uddeholm views also the broad cutting and stamp- 
ing tool sector as very promising, not because of a potential increase 

in the volume of production but also because of the potential for improving 
the useful life of the tools. 


What is ASP steel? The three letters stand for the Asea-Stora-Process. In 
1965 Dr Per Hellman began working in the laboratory of the High-Grade Steel 
Works, Soederfors, which is today part of the Uddeholm concern. Not satis- 
fied with the existing assortment structure of grades of high-speed steel 
he began searching for a powder metallurgical method for the production of 
these steel grades. 


To Insure the Cutting Life in Production 


“Normal” grades of high-speed steel are very complex types of steel used to 
make high quality tools and contain a 15 to 30 percent proportion of 
alloyed metals such as chromium, molybdenum, tungsten, vanadium, and some- 
times also cobalt whose purpose is to insure long cutting life of the tools 
in operation. In normal production the melt is poured into ingot molds. 
Slow congealing results in spot differences in the chemical and structural 
composition. In the attempt to overcome this drawback fast congealing is 
applied in the production of ASP steel. 





A melt produced by the usual method in an electric kiln is spraydried in 
nitrogen. The resulting powder is subjected in capsules to isostatic cold 
pressing in a vacuum and then to isostatic hot pressing. The resulting 
fully compacted body is then processed in the usual manner. Steel produced 
by this method reportedly has a fine structure with evenly distributed 
carbides. 


The application of powder metallurgy in the production of tools allegedly 
has the following advantages: 


ASP steels, even those with complex combinations of alloys, can be ground 
without problems. This is important because grinding constitutes a 
substantial part of production costs of high precision tools. Size change 
induced by heat treatment is smaller and in contrast to standard steel 
grades constant. 


Advantages accrue also to the tool operator: 


af 

















Large carbides crumble away easily from the cutting edge. The cutting edge 
thus dulled in spots increases wear considerably without recognition of 

the cause. The use of ASP steel allegedly prevents the crumbling away of 
carbides and facilitates the production of even sharper cutting edges. 


Uddeholm’'s conclusion: Increased toughness enhances hardness, allowing 
the use of higher-alloyed ASP steel grades. Both these facts extend 
considerably the working life of the tools, potentially improve cutting 
conditions and thereby increase their economy. 
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FEDERAL REPUBLIC OF GERMANY 


IMPROVED THERMAL INSULATION IN POWER PLANTS DISCUSSED 
Duesseldorf BRENNSTOFF-WAERME-KRAFT in German No 9, Sep 79 pp 353-355 
/Article by W. E. Fuchs, Gummersbach/ 


/Text/ The paper indicates the difficulties in specifying an economical 
thermal insulation thickness for the system components of power plants. 

It is shown that currently customary insulation thicknesses on steam 
generator walls and also on pipelines, channels, and containers allow an 
excessive and uneconomical loss of heat. By means of diagrams, it is made 
clear that economical insulating layers will require more material than 
hitherto. 


l. Introduction 


Thermal insulation means that suitable materials prevent or reduce the 
undesired transfer of energy from a hotter to a colder object. 


The quality and safety requirements as well as the practical and economic 
feasibility of this task suggest the following subdivision: 


- Reduc ton of the heat loss of the system components (energy saving). 
~- Reduction of surface temperatures (protection against burning). 


- Prevention of impermissible room heating (this is only possible with 
sufficient aeration and ventilation of the respective room). 


~- Preventing the temperature from falling below the dew point (condensates, 
corrosion) and 


— Avoiding temperature changes in a heat medium (flowing or stationary medium). 


These tasks can be accomplished only if the insulators used have an optimal 
quality, if the insulation thickness is adequate, if the manual work is 
high-grade, and if the type and quality of the outer sheath is sufficient. 
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For pewer plant equipment, especially the steam generator, thermal insula- 
tion is divided into three groups; 


- Thermal insulation by lining the walls with fire-resistant materials, 
~ External thermal insulation of tightly welded components, and 


- Internal thermal insulation of hot gas lines under pressure and of liners 
in nuclear power plants. 


The second group, that is the thermal insulation on tightly welded components, 
such as the boiler block, channels, vessels, and pipelines, is to be in- 
vestigated as regards the economy of the thermal insulation. 


These components permit the utilization of lighter insulating materials. 
There is no attack by smoky gases. Outside climatological influences must 
be considered. Furthermore, temperature stability, volume stability, 
insensitivity to vibration, and external mechanical stress all must be taken 


into account. 


Mineral fiber products in the form of loose mats, stitched on a wire mesh, 
and plates bound with synthetic resin or clay are proven thermal insulating 
materials. 


A sheet metal sheath serves as an external cover, e.g. of aluminum or 
galvanized steel. Alloyed steel sheet is also used to a lesser extent. 


2. Economic Dimensions of the Insulating Layer 


Two basic facts specify the economic thermal insulation, both as regards the 
thickness of the insulating layer and as regards its design: Heat losses 
and consequently the associated energy costs decrease as the thermal insula- 
tion becomes thicker; however, the costs of the thermal insulation itself 


increase. 


It is usual to add these two types of costs. It is also usual to specify 
the most economic insulation thickness both in terms of time and per unit. 
In practice, these values have up to now been rounded off to the nearest 
possible thickness of insulating layer, Figure 1. However, the primary 
energy media are constantly becoming more expensive. This justifies 
increasing the calculated economic insulation thickness to greater commer- 
cial dimensions of the insulating materials. 
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Figure 1: Determination of the economic insulation thickness for 
multi-layer thermal insulation 


1. Annual costs; 2. Insulation thickness; 3. Total costs; 
4. Heat loss costs; 5. Heat protection costs 





Symbols 

A Area, in a’ 

b Capital service factor, in l/a 

Q Heat flow, in MW 

° Laying depth, or thickness of a wall or layer, ino 

t Temperature, in °C 

* Heat price, in DM/GJ 

a Heat transfer coefficient, in W/(m°K) 

6 Use time, in h/a > 
4x Special incremental costs of thermal insulation, in DM/m cm 
Y Heat conductivity, in W/ (mK) 

Indices 

a Outside 

B Operation 

L Air 

M Medium 

N Nominal load 

w Economic 

St Radiation and conduction 
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The VDI Guideline 2055 (1) uses the following equation to determine the 
economic insulation thickness for flat walls: 


fiat Wi, 


S, 19-10 4 Sak : (1) 


This guideline provides determinative equations and diagrams for the 
dimensioning of economical insulating layers on pipelines. These vill 
not be cited here. 


Several papers are known on the topic of economic ‘nsulating layers. 

W. Krueger (2) and F. Ruppelt (3) are especially concerned to refine and 
simplify the calculational methods. K. Seiffert (4) presents a very 
detailed paper. 


For power plants, one sust consider not only the economy of the thermal 
insulation but also the requirements resulting from heat balance. Care 
must be taken that the surface temperature of the insulation excludes 
combustion. In many cases, the guaranteed performance required for heat 
insulation stands in contradiction to its economy. 


3. Thermal Insulation in Power Plants 


The economic thermal insulation for flat steam generator walls was inves- 
tigated by means of Equation (1). A constant and linear cost increase is 
assumed. In every case, the insulation must be laid in several layers. 
The cost increases from higher expenditure for wages, which are involved 
with more layers, are relatively quite small. - Supplements are required 
for the sizes being utilized. 


The use time of power plants can be subdivided as follows: 


Base load range >6000 h/a 
Medium load range 2000 to 6000 h/a 
Peak load range <2000 h/a 


The median temperatures lie approximately between 150 and 540°C. This 
permits the utilization of mineral fiber products, whose heat conductivity, 
with an addition for spaces, was used in accord with the VDI Guideline 2055. 


The cost of heat is based on the fuel price according to Figure 2, and a 
surcharge for operating costs, such as servicing, maintenance, insurance, 
taxes, disbursements, and costs for auxiliary energy and operating means. 
— An amount of 20 percent was used as the capital service factor. 
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Figure 2: Development and Figure 3: Economic insulation 
forecast of fuel prices thickness for flat steam generator 


walls without heat recovery 
l. Fuel price; 2. Year; 
3. Forecast; 4. Rate of increase 8Z/a 1. Operating hours 
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Figure 4: Economic heat flow for Figure 5: Economic insulation 
flat steam generator walls without thickness for flat steam generator 
heat recovery walls with heat recovery 
1. Operating hours 1. Operating hours 
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Figure 6: Economic heat flow for Figure 7: Total surface of steam 
flat s‘eam generator walls with generators and radiation losses 


heat recovery 

a Heating oil/natural gas 
1. Operating hours b Anthracite 

c Brown coal 

— Surface 

— Radiation loss 


1. Insulated surface - steam 
generator (A) 

2. Power steam generator ( ) 

3. Radiation loss Q.. Wy max 


The spec!fic incremental costs of thermal insulation per * and cm thickness, 
on the tasis of spring 1979, were augment’:d because boiler construction has 
become more expensive. The thicker the thermal insulation, the more expen- 
sive are the intercepts and spaces for the bandage construction of the 

steam generators. The openings in the walls, such as doors, hatches, etc. 
must be elongated and must be provided with different angles. In some 
circumstances, the construction of walk ways is displaced. This can also 
affect the entire design of the boiler house. 


Figure 3 shows the economic insulation thickness for flat steam generator 
walls, with a forecast up to the year 2000. 


In this figure, if the resulting insulation thickness for the year 1980 is 
compared with that for 1970, a 30 percent increase is already apparent. It 
is also clear that thicker thermal insulation is more economic for base 
load power plants. 














Insulation thicknesses between 120 mm and 180 mm are often encountered even 
at median temperatures of 500°C, But today and in the future these 
thicknesses are no longer reasonable. Lesser thicknesses are possible 
with quick-action boilers, in which the stored heat is supposed to be 
small, on the one hand to release the heat quickly to the environment after 
the boiler is shut down, and on the other hand to avoid negatively in- 
fluencing the start-up speed of such systems. 


It is interesting to observe that the economic heat flow is much less than 
the guide quantity or guaranteed quantity that is still frequently re- 
quired today, namely 210 to 230 W/m* (180 to 200 kcal/m h), Figure 4. 


In some cases, the hot air underneath the ceiling is pumped from the power 
plant building and is used for combustion. The insulation thickness can 
then be reduced. 


The DIN 1942, Edition 1956, specified a heat recovery up to 70 percent for 
such cases. H. Kuhn (6), in 1963, investigated radiative losses of 
anthracite-fired steam generators in boiler houses with different heat 
transfer coefficients of the boiler house walls. He concluded that the 
heat energy recovered within the boiler house is larger than the estimated 
value specified in DIN 1942 (1956). 


This calculation must take into account outside heat from other equipment 
in the boiler house. Furthermore, the temperature of the outside air will 
strongly affect the calculation. Nevertheless, the average yearly values 
can be used to determine the economic insulation thickness. 


Figure 5 and 6 show the economic insulation thicknesses and heat flows for 
flat steam generator walls. About two-thirds recovery of radiative heat 

was used in these diagrams. It is here presupposed that the steam generator 
is set up in a boiler house with excellent heat insulation. For acoustic 
reasons, this conditiou is presently generally met. 


It can be seen that the insulation thicknesses can be reduced to nearly 
half, as compared to systems without heat recovery. Inversely, the heat 
flows may be nearly twice as great. 


If one determines the heat flow through the residual radiation loss of the 
steam generator, Figure 7, the resulting magnitudes lie approximately 
between thoseof Figure 4 and Figure 6. The heat flow shown in Figure 7, 
averaging about 125 W/m*, was determined from the radiation loss Qg; and 
the steam generator surfaces, taking into account a 25 percent deduction 
for heat bridges at the surface of the boiler and a 30 percent fraction 
for pressurized, thermally insulated components outside the boiler block. 
Furthermore, the effect of the different sizes of the driving systems, 
between anthracite and brown coal fired steam generators, has also been 
considered. 
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Because of the large fluctuations of the insulated steam generator surfaces, 
and because of the uncertainty of the estimated radiation losses according 
to DIN 1942, Figure 7 can represent only a guideline. Losses from radiation 
and conduction can generally not be measured. Experiential values are used 
for such losses. In this case, the standard balance limits, i.e. the steam 
generator up to behind the air preheater, are included in the diagram of 

DIN 1942. 


Thermal insulation of pipelines and power plants was not studied. Applica- 
tion of the VDI 2055 is recommended for the particular application. 


G. Morisse (7) indicates, among other things, that the costs for insulation 
are often based only on those for straight pipelines, that is standard work 
without special difficulties. The total costs for insulating a systes, 
however, are increased precisely with power plant lines and especially with 
nuclear power plants, because of local spatial relationships and extensive 
supplementary work for curved parts, insulating shields for flanges and 
fittings, for compensators, clearance margins, expansion measuring points, 
and numerous round anchor plates, funnel inserts, and other extraordinary 
shapes of the sheathing. 


The following division can therefore be expected with power plants: 

40 to 50 percent straight lines without special supplementary work; 

25 to 30 percent for work on curves, flattened regions, and other profile 
components; 25 to 30 percent for flanges, fittings, welds, and other re- 
movable insulated parts. 


Cost additions of 25 to 30 percent, as compared to straight lines, are 
the consequence. 


For nuclear systems, the material costs for thermal insulation are much 
higher. A distinction must be made between the primary part, with mainly 
expensive reflecting insulation, and the secondary part, with generally 
conventional insulation, but with additional requirements as regards 
cleanliness, coding, etc. 


In determining the economic insulation, different results are expected 
than for steam generators, with higher heat flows, that is lower insula- 
tion thicknesses. However, it must not be overlooked that the surface 
temperatures may not exceed 60 degrees C, wherever contact and therefore 
burning is possible. 


The design and mounting of therma! insulation is subject to errors, which 
cause large heat losses and which should therefore be avoided. 
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Here are some pointers: 

--The surface of the part that is losing heat must be kept as small as 
possible (contact construction) 

—The number of breaches in the insulation should be reduced 
-~Avoidance of heat buildup 

--Pipelines should be laid in such a way as to prevent flattening of the 
insulation on account of interference from installation parts 

--Lines with varying temperatures should not be insulated together 
-~-Sliding spots within the insulation should be avoided 
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FEDERAL REPUBLIC OF GERMANY 


TECHNOLOGIES FOR REDUCING NO, NO» EMISSIONS DISCUSSED 
Graefelfing ENERGIE in German Jul 79 pp 249-251 


[ENERGIE interview with Prof Hans Kremer, Faculty for Power Facility 
Technology in Bochum: “Long-Term Increase in NO, Emissions” | 


[Text] ENERGIE: Following the problem of the 50> emissions, the question 
of emissions has become a very topical subject recently. How can one 
explain the development of this esission? 


Kremer: WO, is the sum of the nitrogen oxides NO and NO2. The nitrogen 
monoxide NO forms during the burning process, on the one hand through 
reaction of atomic oxygen with molecular nitrogen in accordance with the 
so-called Zeldovic reaction. On the other hand, NO is formed in the 
reaction of fuel-bound nitrogen compounds with oxygen. The WO from the 
fuel nitrogen, when burning coal and heavy heating ofl, reaches consider- 
able components of the total emission. The NO, forms in most cases only 
after emission from the chimneys through oxidation of the NO, which amovnts 
in power plants to approximately 90 percent of the entire NO, emission. 





Two Different NO» Risks 


ENERGIE: Why do they signify a danger to the environment and the health 
of the population affected? 


Kremer: The NO is oxidized in part via the known Bodenstein reaction with 
molecular oxygen, in part via reaction with the ozone of the atmosphere to 
NO>, which is a far greater health hazard than the NO. The NO, emission, 
on the other hand, again contributes to ozone formation, as is maintained 
in some quarters, and this leads to an increased transformation of hydro- 
carbon compounds, which may come from heating plants, automobiles and 
similar sources. These reaction. may lead to the formation of carcino- 
genics in the atmosphere. Thus, 1 double risk with NO. 


ENERGIE: Have the emissions by now reached such dimensions that they must 
be taken into account in the revision of the TA-Luft [Air Quality Standards], 
which ie at present under discussion, for example, by determining boundary 
values’ 

















‘remer: We must expect in general a further increase in energy consump- 
tion, amd the increase in overall emissions, especially in high-density 
areas due to greater industrialization, leads to the fact that the enis- 
sion level of NO> increases in the long run. This is the reason why it 
is contemplated at present to limit the NO, and the NO, emissions. 


ENERGIE: rge-scale power plants, and here especially the coal power 
plants, are listed frequently as the main culprits. Do you agree? 


Kremer: You canmot state it in this manner. The large-scale power plants 
have high chimneys. Sefore the waste gas trial touches the ground, there 
has already been considerable dilution. However, to the extent that a 
covering of the flue gas trails from various power plants is found in 
high-density areas, this leads, of course, to increased emissions in 
this sector. On the other hand, the nitrous oxides emerging from auto- 
mobiles and small heating plants reach the ground after a very brief 
period of time and of necessity lead to higher emission concentrations. 
However, it must be taken into account that the conversion rate of NO 
into NO» is very low and therefore requires considerable time, so that 
we can see on the basis of measurements that the NO) emissions are rela- 
tively low in the vicinity of smaller emittents. 


Burners Must Be Changed 


ENERGIE: There are a number of methods of reducing NO, emissions in coal- 
heated boilers. How must we evaluate these methods in your opinion? 


Kremer: The most important method is a change inburners. Since the NO 
forms in the flames, we have several possibilities oi preventing its 
formation. The formation of NO in the flame cannot be completely suppressed, 
but a number of methods are known by which the formation of NO can be 
affected. In both gases and Jight heating oil the recirculation of burning 
products as well as the cooling of the burning products during burning 

are especially effective. Phased burning and other methods can also lead 

to a considerable lowering in the emission level, compared to conventional 
burners. Directed investigations indicate that in individual cases the 
emissions of such burners can be substantially reduced. We have a different 
situation in coal power plants. Here only a slight possibility of reducing 
NO formation is given in the existing facilities because of the conversion 
of the fuel-bound nitrogen compounds into NO, which has little dependence 
on temperature. On the other hand, there are more recent burner develop- 
ments which lead to «a considerable lowering of the emissions. in 

these burners, it is chiefly the principle of phased burning which is 
realized. 


ENERGIE: Do these methods not signify at the same time a reduction in 
boiler effectiveness, operational safety and corrosion protection? 
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Kremer: You address a problem which is being discussed intensely by all 
manufacturers and operators. The facts are that, since the introduction 
of this technology, especially in the United States, this discussion has 
been going on for a number of years, but no conclusive proof has been 
brought concerning boiler corrosions actually occurring. However, the 
reduction of boundary values has brought us to a point at which actually 
this danger may possibly represent a much more critical level. Conse- 
quently, the decision has been made, especially in the United States, to 
provide by long-term programs certainty about the dangers which may arise 
through corrosion in boilers. It cannot be completely ruled out that there 
may be boiler corrosion, since it is assumed that, for example, to CO con- 
centration increases in different heating ranges; for instance, because 

of the fact that the new burners lead to more extended flames and conse- 
quently areas with reducing atmospheres will occur on the heating walls. 


ENERGIE: What methods for NO, reduction have already been used in Ger- 
many, and what results have been obtained? 


Kremer: The Weyer power plant in the Saar district is equipped with new 
burners, and comparatively low N emissions have been recorded there. They 
are quite comparable to corres ing values from American burner develop- 
ments. 


The Vortex Layer Heating Leads to a Considerable Reduction in NO, Emissions 


ENERGIE: What do you expect from vortex layer heating in conjunction with 
NO, emissions? 


Kremer: Vortex layer heating is not only distinguished by the possibility 
of good SO» segregation with the ashes or with addition of limestone or 
dolomites but, because of the relatively low burning temperatures of 
approximately 850°C, it leads to a considerable reduction in NO, emissions. 


ENERGIE: And what future technical developments do you anticipate in 
this sector? Is a 100 percent reduction technically possible and 
economically feasible? 


Kremer: A 100 percent reduction is technically close to attainable; 

on the other hand, it would economically not be logical. The possibility 
of reducing the NO, emissions by means of burners has limitations at cer- 
tain concentrations. This is also the case theoretically. The practical 
limits, on the other hand, are much higher, since maintaining very low NO, 
emissions from heatings would require permanent retention of optimum con- 
ditions, and that is not possible in normal boiler operation. We therefore 
need a certain latitutde to change the air numbers, the preheating tempera- 
tures for air and the like. A policy amounting to driving the NO, emissions 
to within their technological boundaries would probably result inan inter- 
ference with boiler operation and the effectiveness reached. As far as 

the other methods of flue gas treatment are concerned, they are technically 














feasible but should be applied in my opinion only in extreme cases because 
they represent an additional interference with boiler operation. Before 
such a technology is introduced in the Federal Republic of Germany, it 
should be seriously checked whether the emissions create the necessity of 
such measures. 


FNERCIE: Operators expect from sulfur scrubbing an increase in current 
production expenses of 2 to 3 pfennig per kWh; can one estimate what the 
costs for the NO, measures would be? 


Kremer: We must approach this question from a great many aspects. If 
such low NO, burners are installed in a new power plant, the costs should 
lie clearly below those mentioned by you. However, if, because of the 
application of this technology, considerable corrosion damages result, the 
cost situation may look entirely different in the long run. We are faced 
with a similar situation with extremely low boundary values, because then 
the heating systems would have to be much more expensive because of the 
necessary changes as compared to present-day construction. Especially 
with installing plants for NO, removal from flue gases, we may probably 
expect costs in a‘similar order of magnitude to that in sulfur scrubbing. 
It is especially the problem of older facilities which is particularly 
difficult to evaluate; considerable expenditures may be necessary here 
for needed remodeling, but in addition efficiency losses and operational 
difficulties may lead to cost increases. 


ENERGIE: A measuring technology is needed for the coerator which measures 
NO, emissions in a reliable manner. Are there such acthods? 


Kremer: There have been measuring methods for quite a number of years, 
which are based on the principle of chemistry luminescence. Other 
methods to measure NO or NO. are based on the UV light absorption method; 
that is, the infrared absorption method. All processes have proven then- 
selves in principle, even though the chemistry luminescence method has 
prevailed on a large scale. 


However, for a continuing monitoring of power plants the UV method may be 
preferable because it is simpler in principle. It is exactly in this 
sector that considerable efforts must be made to develop devices with 
operational safety which require little maintenance. A special problem 
lies in the sampling from channels, chimneys and so forth, because a 
change in composition is possible on the way from sampling to the measuring 
device. In addition, relatively little experience has been gained with 
the operational reliability of the measuring devices. 


ENERGIE: There is a method in which the flue gas is diluted after sampling. 
What do you expect from this method? 


Kremer: It is customary in general to cool the suctioned gas flows when 
removing them from hot gas channels in order to avoid reactions. The NO 
sampling presents the considerable problem of catalytic reactions possibly 
traneforming the NO in the lines into NO, in accelerated fashion. On 
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principle, dilution of the flue gas samples seems to be promising because 
substantial reduction of the partial pressures will, of course, reduce the 
reaction rate accordingly. How this will prove itself in operation is yer 
to be seen. 


ENERGIE: What effect will the question of NO, emissions have in your 
opinion on the construction of new coal power plants in the future? Is 
it possible that this would block the construction of new power plants 
entirely or at least make it more difficult? 


Kremer: There does not necessarily have to be a blockage of new construc- 
tions. A problem may be created if, for example, parliament establishes 
boundary values which cannot be guaranteed either by the manufacturer or 

the operator. This means that there may not be any problems in the installa- 
tion, but there may be later on, in operation. This is a discussion which 
has been ongoing in the Federal Republic of Germany. It can certainiy 

not be anticipated; however, this point is of particular importance because 
it can as yet not be foreseen to what extent the NO, emissions can be 

reduced with the new burner generation. 
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PEDERAL REPUBLIC OF GERMANY 


SULFUR SCRUBBER FOR COAL POWER STATION DESCRIBED 





Duesseldorf BRENNSTOFF-WAERME-KRAFT in German Jul 79 pp 303-304 


[Article by Engineer J. Atzger, Krefeld-Werdirgen: “Flue Gas Sulfur 
Scrubbing Facility for 700 MW Coal Power Plant") 


[Text] A German energy supply company entrusted Babcock-BSH with the 
planning and construction of an operational flue gas sulfur scrubber 
facility in two construction steps for a 700-MW block with coal heating. 


This largest facility of its type, to date, in the Federal Republic of 
Germany will work on the KHI method (Kawasaki Heavy Industries, Ltd, Japan) 
under license at Babcock-BSH on a lime-magnesium base, will clean in final 
construction two-thirds of the entire flue gas volume and generate as a 
secondary product a reprocessable gypsum. The first construction stage is 
to start operation on 1 August 1981. 


The major data are: 


Flue gas volume 2 . 816,000 a?/h (standard state) 
S05 segregation degree 85% 

Gypsum generation 2.5 tsh 

CA consumption 2.1.8 t/h 

Power requirement 2. 3,750 kW 

Absorber height 35m 


Fig 1 shows such a facility behind oil-heated steam generators in a 
Japanese power plant. The flue gas scrubbing facility is made up of four 
structural groups: 


Absorber stage 


The flue gases from the coal/oil~heated block are conveyed via axial fans 
by the electrical dust remover into the absorber, Fig 2. They consist of 
a cooling zone at the entry, a washing zone with Venturi bottom and the 


high-power drop segregator at the exit. 
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The gaseous sulfur components contained in the flue gas are bound in the 
absorber stage by means of a washing liquid to a lime and magnesium base 
and segregated. 


After passing the drop catcher, the flue gases are heated by admixture of 
hot air and unwashed flue gases at a waste gas temperature of 95°C before 
they reach the chimney. 


Oxidation Stage 


A constant partial flow of the rinsing liquid from the absorber stage is 
removed via pumps into the oxidation stage. Th2 oxidator serves the di- 
rected oxidation of the sulfites contained in the waste sorbate into 
magnesium or calcium sulfate. To improve the oxidation conditions, the 
absorbate is conducted in a cycle. 


In a settling tank, connected to the oxidation phase, the low-solubility 
calcium sulfate (CaSO, - 2Hj0) is separated from the water-soluble magnes- 
ium sulfate (MgSO,), which is returned to the regeneration and absorber 
stage. 





Fig 1. Flue gas sulfur scrubber facility built by the KHI on a lime- 
magnesium base behind oil-heated steam generators in a Japanese 
power plant. 


















































Fig 2. Method Diagram of KHI Sulfur Scrubber System 


Key: 

a. crude gas k. preparation station 

b. pure gas l. regeneration container 
c. absorber m. alkali suspension supply 
d. oxidator n. flue gas fan 

e. settling container 0. process water 

f. Gypsum supply Pp. emergency water 

g. centrifuges qa. drop segregator 

h. mother lye container r. waste water 

i. chemical supply container 


At the lowest point of the settling tank the sedimenting calcium sulfate 
and additional particulate substs ces are carried out via reamers and an 
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elutriation line. With a solid concentration of approximately 15 percent, 
this gypsum mud is conveyed to the gypsum stage. 


Regeneration and Preparation Stage 


The dissolved, recycled magnesium sulfatc is brought back to magnesiun 
hydroxide by the addition of calcium hydroxide. The calcium hydroxide 
needed for regeneration and for production of the alkali suspension and the 
magnesium hydroxide needed for supplementation of waste water losses, are 
brought to suspension with process water in the alkali preparation station. 


The magnesium sulfate component not needed for reaction in the regeneration 
container goes directly into the absorber for spraying and rinsing of the 
instrument installations and interior walls. 


Gypsum Stage 


The gypsum water removal proceeds with pendulum hydro-extractors, with the 
charge variation divided into: 


ejection of the MgSO, solution; 

washing of chloride components off solid cake; 
ejection of washing liquid; 

evacuation of solids. 


The drained dihydrate CaSO, * 2H50 is conveyed with s residual humidity of 
8 to 10 percent to a belt system via a discharge device and transported 
over the system into 4 gypsum storage container. 


The gypsum storage container contains a reversible storage belt, which can 
be moved along the longitudinal axis so that the entire area can be uni- 
formly filled. The gypsum store itself is designed for a supply period 

of approximately 2 weeks. 


The gypsum lying on the dump is loaded fully automatically on trucks by a 
removal scraper and an oblique conveyor belt. 


Other Facilities 


To maintain a chloride concentration of 10 g/l constant, it is necessary 
to remove a certain amount of waste water from the system. In order to 
keep losses in magnesium sulfate low, the easily soluble sulfates are 
transformed by adding calcium hydroxide into calcium sulfate which dis- 
solves with difficulty, and separated from the clear phase in 4 connected 
separator. The waste water in waste water regeneration is passed over a 
cooler which effects through heat transfer with the fresh water a waste 
water temperature of less than 35°C. 
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The automation degree of the technical control facilities makes it 
possible to get along with only one operator in the safe operation of 

flue gas scrubbing in addition to general maintenance work. The flue 

gas sulfur scrubbing facility will have its own control panel. Typical 
measuring magnitudes of sulfur scrubbing, as are required for safe opera- 
tion of the facility, are indicated, recorded and printed out on the block 
control panel. 


In addition to the responsible Department of Gas Purification Facilities 
at the Babcock-BSH AC in Krefeld, the Deutsche Babcock AG, Oberhausen, 
and Babcock Bau in Hhannover are participating in the development and 
structural execution. 
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FEDERAL REF UBLIC OF CERMANY 


DAIMLER-BENZ PLANS TO UPDATE GAS TURBINE ENCINE 
Bonn DIE WELT in German 29 Sep 79 p 25 
/Article by H.P. Ros: : “The Rediscovery of the Turbine”/ 


/Text] At Daimler-Benz in Stuttgart-Untertuerkheim, 30 engineer. under the 
direction of Prof Joachim Foerster are working on a project which, according 
to Foerster, “is so attractive that it cannot be passed up": the gas turbine 
engine for the automobile. 


The Stuttgart enginee’s, with financial support from the Ministry of Research, 
will carry out tests to determine if the turbine engine will one day provide 
an alternative for the Otto Engine. Foerster: “The turbic-e has a long list 
of advantages over the piston engine.” These are: 

--Multifuel capability: The turbine will ingest anything that produces heat. 
It will burr gasoline, diesel oil, hydrogen, methanol and, yes, even carbon 
mixtures; and from these it will produce power. 

--Freedom from vibration: It is purely a rotation machine, more perfectly 
balanced than the Wankel engine, and thus runs without producing vibration. 
-~-Minimal exhaust gas: Because of continuous burning, the gas turbine emits 
hardly any unburnt gaseous constituents. 

--Durability: Since, according to Foerster, the heavily loaded parts do not 
rub on each other, the turbine is by design free of wear. 

--No oil consumption: Oil, of course, is used in the turbine for lubrication, 
but it is not burned. 


Economical Above 50 Kilometers per Hour 


Additionally, Daimler-Benz researcher Foerster hopes for a satisfactory fuel 
consumption: “Certainly, beyond a speed of 50 to 60, we would have to be dis- 
tinctly below the consumptions of comparable Otto and diesel engines with our 
turbine.” For the turbine under development, producing about 150 hp, the 
Stuttgart researchers calculate a consumption of between 1C.1 and 8.3 liters 
of diesel oil per 100 km, depending on usage. This is based on the assumption 
that turbine temperatures of about 1,300 degrees will prevail. And, for this, 
materials are required which can stand up under such heat. Most of the past 
failures were due to this consideration; recall that this is not the first 














time that gas turbines have been critically studied for automobile application. 


For the Rocket Age 


"Today, 9 March, 1950, can justifiably be considered as a milestone in the 
history of automobile construction,” declared--29 years ago--Maurice Wilks, 
chief designer of the English Rover Company. For 2 years the English had 
been working on a turbine-powered automobile; on this date they presented the 
“Turbo-Rover” to the public. A turbine weighing only 125 kg and turning at 
40,000 rpm produced 200 hp and drove the Turbo-Rover convertible at 200kn/h. 
Rover refined the principle and, in 1957, presented the “T3,” a small coupe 
with a 110 hp turbine which, at 52,000 rpm, produced a speed of 168 kn/h. 


The Fi~ .#h triggered “turbine fever" among the auto makers of the Western 
Worle. Im the United States Chrysler began installing a gas turbine in a 
Plymouth limousine in 1953. As proof of its roadability, it was driven from 
Los Angeles to New York. A year later, General Motors built the “Firebird I,” 
a simulated rocket on four wheels. In 1956 Fiat built an experimental gas- 
turbine auto with large rear fins and wing doors. In 1957, Renault built the 
"Etoile Filante” (Shooting Star), a single-seat racing car which vas tested 
on the Linas-Montihery race track in Paris. 


In 1958 General Motors exhibited the utopian gas-turbine automobile "Fire- 
bird III,” a two se.ter with two glass canopies and shark fins. A control 
stick which the driver used for steering as well as accelerating and braking 
replace the steering wheel. GM proudly proclaimed: “It is the automobile for 
the rocket age.” Under the hood was a 225-horsepower Whirlfire gas turbine. 


In 1963 it appeared that Chrysler was seriously undertaking the series pro- 
duction of the turbine-powered automobile. Chrysler management has distribut- 
ed about 100 Plymouth Turbo-Fury automobiles to selected customers for service 
testing; but, then, the project was dropped. 


Turbines accelerated too sluggishly; they did not automatically decelerate 
when the driver removed his foot from the gas pedal; but, above all, the 
turbine used too much fuel--twice as guch as a piston engine. Overnight, the 
turbines disappeared from the programs of the development divisions. 


Ceramics To Combat Heat 


But just now, in a time of searching for better fuel utilization, Mercedes 
comes back to the gas turbine. “We are going through a completely new learn- 
ing process,” says Mercedes’ chief scientist Foerster, “concerning how to 
make components functional when loaded at red heat.” The method is ceramics 
mixed with silicon carbide. Porcelan factories such as Rosenthal could, thus, 
one day become suppliers for the auto industry. 


The automobile turbine is related to the aircraft turbine only in its basic 
function. In an airplane, the turbine accelerates an air mass. In an auto- 
mobile, on the other hand, an additional turbine transforms the gas energy 
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into shaft power. in the Otto engine, a portion of the beat is transferred to 
Lew -—~*lant; in the turbine, this heat is reta‘med in the exhaust gas. Siowly 
rotating ceramic disks absorb this heat; consequently, the turbine exhaust 
gas is no hotter than that of piston engines. 


Two Gear Ratios Will ™ 


“We will never achieve the sonorous sound of an eight-cylinder engine,” says 
Foerster, “but the turbine emits a pleasant high-frequency bus.” But even 
that can be highly damped. Theoretically, a turbine-powered automobile could 
operate with a transmission. “But to give good climbing performance, we 
will provide a transmission with two gear ratios,” revealed Foerster. But 
turbine-powered automobiles will always have one disadvantage: During accel- 
eration, the turning speed will have to increase from 30,000 to 60,000 rpm, 
and this will always lag the gas pedal action by i to 1.5 seconds. 


Presently Daimler-Benz is conducting component tests, that is, tests of indi- 
vidual parts. By the end of 1980, however, a complete turbine will be running 
on the test stand. The plan is to install this turbine in a Mercedes S and 
to conduct road tests in 1981. “If our effort is successful,” says Foerster, 
“then a small number of high-performance autos will be equipped with turbines.” 
The purchase price of a turbine-powered automobile has not yet been deter- 
mined. One thing is certain: Even if all tests go according to plan, a pro- 
duction-model turbine-powered Mercedes will not be on the market before 1988. 
Because, according to Foerster, “the work remaining is very difficult.” 
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FEDERAL REPUBLIC OF GERMANY 


UDC 629 .1-46:629.1.07 
VW PROGRESS IN VEHICLE ACOUSTIC TECHNOLOGY EXAMINED 
Wuerzburg AUTOMOBIL INDUSTRIE in German No 3, Sep 79 pp 47-54 
{[Article* by Ulrich Sorgatz] 


[Text] Vehicle weight optimization requirements and 
acoustic comfort requirements are compatible. In a rap- 
idly changing environmental situation only the choice of 
a compromise formula is in question. From the point of 
view of today's soundproofing technology the status of 
this problem may be described terms of the W Golf 
[called Rabbit in United States/ as follows: 


Front-drive design creates for the vehicle acoustic engi- 
neer problems of a higher level of difficulty than those 
of standard design. Since the entire starting or dis- 
placement moment must be reacted through the power plant 
bearings, acoustic requirements for as soft a bearing as 
possible are in conflict with a specification of a maxi- 
mum allowable power plant rotation angle (which limits 
the strength of the exhaust installation) and is also in 
conflict with engine-related driving behavior (stress cy- 
cles, upturn effect). This compromise requires that the 


theme of power plant damping be pushed to its technologi- 
cal limite. This is all the more true because modern 


light construction of car body attachment further reduces 
mass impedances. Airborne sound damping, which apart 
from the cost of cladding constitutes a comparatively 
simple technical problem, acquires problematic impact 
when it comes to striking a balance between cost and de- 
sired noise comfort. On the other hand, combating space 
resonances is technically a delicate question. Efforts 
at optimization quickly encounte: design limitations. 





* A short version of this paper, under the title “The Acoustic Design of 
the WW Golf,” was delivered at the annual congress of the German Engineering 
Association (VDI) in Nuernberg, 18-20 October 1978. 
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Design, development methods and procedures are here ii- 
lustrated by seans of some selected examples. 


l. Introduction 


The signs of the times point to « lowering of fvel consumption. This situ- 
ation has really changed only gradually and not basically since the design 
definition of the VW Golf: because of the realities of the current behavior 
of ofl prices and the growing awareness of the limite< nature of resources 
the developmental criteria of “fuel consumption” and “weight optiaization” 


have undergone a gassive upward shift. 


The motion of “weight optimization” has two aspects: 


One artees from the cost consideration that every kilogram of automobile has 
to be . ed, paid for, accelerated and braked. The connection with sanufac- 
turi « osts, fuel consumption values, acceleration times and brake design 
is «*v’ ms. This fact has had the consequence that the dominant role of 
lig onstruction as an optimizing characteristic is generally understood 
and entire generation of vehicle builders is programmed toward this end. 
The second aspect is the question of the comfort and well-being of the pas- 
sengers. And besides handling comfort and shock absorption comfort the same 
importance attaches to acoustic comfort. 


Since the theme of this paper is largely retrospective it is especially in- 
teresting to project onto the current situation the Golf concept's compro- 
mise between acoustic comfort and vehicle weight and to describe the ap- 
proaches which this compromise has turned into reality. 


Understandably this account will end at the point where the status of the 
preliminary development of new soundproofing systems would have to be con- 
sidered with a forward giance toward next-generation models, which would 
lead us beyond the ligsite of the classical systems. 


How {reat the concession to the changed situation with its priorities in 
fuel ~onsumption optimization must be from the point of acoustic comfort in 
the future is a question which therefore this paper cannot answer. But the 
necess. ty for developing new systems and for rethinking familiar ones anew 
with these criteria is obvious and thus should expressly be made a part of 
any technical diecussion. 


2. The Present Status 


A descrivtion of the current status presupposes the existence of a seaning- 
ful standard of evaluation. Subjective evaluation of acoustic comfort 
should to this end be encompassed in « single value which can be quantified 
in the laboratory. 














In order not to burden this comparison by masking it too extensive the fol- 
lowing statement is limited to the scoustic primary problem of this class of 
vehicles: 


The conventional engine equipment is =he in-line four-cylinder engine having 
a body-conducted and air-conducted emission in which the second motor order 
is dominant (such an order analysis is shown in Figure 2.1). Since this 
value especially characterizes the sense of comfort the peak level in the 
primary driving range (e.g., in the 125-Hz octave) is taken as a typical 
figure. 


Im parallel to this, the oscillatory acceleration levels introduced by the 
engine into the rubber bearings, analyzed for the same frequency range, is 
taken as a measure of body-conducted sound emission. The comparacive graph 
plot (Figure 2.2) as a function of empty weight for the Golf and for some 
competing vehicles shows an interesting trend. 


According to this grayh the internal noise points (circle symbol) for the 
vehicles developed on the basis of a common design viewpoint have a tendency 
to drop off with increasing veight-empty consistently with the plausible and 
to be expected conclusion “heavy auto--quiet auto.” 
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Figure 2.1. Sound emission of the drive wnit plotted as ordering analysis: 
sound level as a qultiple of the crank ered. Measuring seth- 
ods: narrow-band frequency enalysis of ihe signals, aaxinuse 
value storage during run-up (idle speeds of up to 6,000 rpm). 
a) Structure-borne sound emission, obtained as acceleration 
level ahead of the engine bearing; b) airborne sound emission, 
obtained as sound level on a typical measuring spot in front of 
the face wall of the engine chamber. 
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Figure 2.2. Maximum level of: o--internal sounds on the listening points, 
left; x--oscillation acceleration amplitudes ahead of the bear- 
ings with the maximum emission. A comparison is made between 
10 vehicles of the same size. Figures are plotted above the 
deadweight of the pertaining vehicle. Guide values represent 
the maximum value within 125-Hz octave. 


Key: 1. Maximum internal noise level in the 125-Hz octave 
2. Competitor's vehicle 
3. Maximum acceleration at the engine mounts, 125-Hz octave 


The second graph (star symbol) relates to the maximum oscillatory accelera- 
tion level for the engine relative to a rubber~-metallic support. Here those 
vehicles are interesting which have diagram points along the margin of the 
field of the graph: 


Vehicles 8 and 11 being American compact cars with front drive and trans- 
verse engine display what is obviously a typical characteristic for the 
American market, namely resonant sound level elevations shifted into the up- 
per range of rpm. Because of the speed limit and the less touristic driving 
prevailing in the United States these critical rpm ranges are thus no longer 
a part of the primary driving range. 


Vehicle 10 shows a further peculiarity in a mass balance, enginewise, toward 
the second engine order. Because of the preference shown in the American 
acoustic tuning philosophy which has been mentioned the potential existing 
in the design is, from the European point of view, aot fully utilized. 


Vehicle 5 is a modern European vehicle with a doubly insulated auxiliary 
frame construction (standard construction). 


Vehicle 9 is the heaviest European vehicle in which despite a comparatively 
higher oscillatory acceleration level, as in the Golf, a low level of 














internal noise is attained. This is a consequence of the weight-costly con- 
struction of the front axle support which has also been interposed as a 
blocking mass between the bearing and the structure and has also been doubly 
rubber insulated (standard construction). 


Vehicles 1 and 2 (Golf 1.1 1 50 HP/1.46 1 70 HP) compete according to this 
standard evaluation despite their lower weight with vehicles which are 100 
to 160 kg heavier. 


The question regarding the approach to and scope of weight reduction meas- 
ures is decisively determined by the conditions existing at the outset. If 
as in the American situation, the starting situation is that of the heavy 
vehicle then it is justifiable to give great emphasis to the fuel consump- 
tion and cost-oriented criteria as a priority task. 


If, on the other hand, one takes as one’s point of departure a vehicle for 
which right from its first design light construction has already been 

heavily emphasized then there is the risk of comfort loss corresponding to 
percentagewise identical handicaps in the interest of weight saving: sta- 
tus relative to the optimum determines the size but not the absolute value. 


A further comparison with competitive vehicles of the same class and con- 
struction involving vertical or almost vertical piston orientation is show 
in Table 1. There, in each case, the bearing layout of the engine is conm- 
pared (the analysis of the Golf bearing is discussed in more detail in Chap- 
ter 3). Since the internal noise is equally affected by the air-conducted 
sound and by the transmission path for body sound conduction, according to 
Table 1 only a partial statement is possible regarding the causal connection 
(the mechanisms of sound transmission are schematically represented in Ta- 
ble 2 and the transmission paths in the vehicle in Table 3). In addition 
also of decisive importance for body sound transmission is the resonant 
quality of the vehicle structure. 


One observation seems to us, however, on the basis of this comparison to be 
certain: whenever in this mode of construction an engine bearing of stand- 
ard technology is directly connected over the forward transverse support-- 
or indirectly via a longitudinal traverse in the center--then in the inter- 
nal noise there was always to be observed a pronounced resonance in the sid- 
dle rpm range which has a negative effect on the subjective impression of 
acoustic comfort. 


This connection is also familiar on the basis of the preliminary development 
phase of the Golf. In urder to limit the turning angle of the engine only 
one turning moment support has been provided in this location. 




















Table 1. Schematic Comparison of the Engine Mount Configuration for the 
Power Plant in Front-Drive Vehicles Currently on the Market and 
Their Internal Noises (in most cases only individual vehicles ex- 
amined). Measurement site: left ear of driver. Measurement 
method: second engine order in octave band width and summation 
curve db(A). 
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Key: 1. Secondary air-conducted 
sound radiation from sur- 
faces excited by body-con- 
ducted sound 

2. Air-conducted sound sec- 
ondary paths 

3. Air-conducted sound con- 
duction through the posts 

4. Body-conducted sound 


bridges 
5. Direct air-conducted sound 
Front wall transaiss ion 
Damping sandwich con- 6. Cavity resonance 
struction 
Engine 


Vehicle structure 
Engine mount 











3. The Bearing Design 
3.1. Requi-ements 


The design criteria for the engine bearing contain partially conflicting re- 
quirements: 


The front drive construction principle presents the vehicle acoustician with 
problems of a higher level of difficulty than those of the standard mode of 
construction: since the entire start-up or displacement moment must be re- 
acted via the engine bearing the acoustic demands for as soft a bearing as 
possible are in conflict with a maximum allowable turning angle for the en- 
gine (floating position, function) and in conflict with driving behavior de- 
termined by the engine (cyclic loads, upturn effect, shaking during startup). 
This compromise requires that the theme of engine bearing damping shall be 
pushed to its technological limits. 


3... Considerations of Physical Principle 


For the cl: se-to-resonance range of 10 to 15 Hz there is applicable a design 
philosophy for the engine bearing which seeks a decoupling of the individual 
degrees of freedom by seans of suitable arrangement of the bearing points. 


In the studies by Appel [1-2] it is inferred, for example, how the decou- 
pling is to be evaluated while taking into account the asymmetry in the mass 
distribution of the engine block and in the bearing arrangement; there is 
also a discussion of the prerequisites which must be met for this. It is 
the goal of decoupling to get system reactions as much as possible only in 
the direction of the excitation and to affect the eigen-frequencies indepen- 
dentiy of one another. 


This consideration is naturally not limited to the assumptions applicable 
there according to which an infinitely great mass is supported by a rigid 
frame, especially as, with the refined methods of structural analysis avail- 
abie today, it is alw posstble to include the dynamic reaction of the vehi- 
cle structure in the lovestigation. 


In drivioy «perattion te aoments of inertia of the driving wheels and the 
vehicle mass are coupled via the elasticities of the drive shaft so that 
there result elgen-frequencites of from 2 to 4 Hz for the engine pitching de- 
gree of freedom which governs the cyclic loading behavior; these eigen-fre- 
quencies depending upon the transmission multiplication selected. Here, of 
the decoupling conditions, there still remains principally the requirement 
of symmetry of the bearing forces relative to the vehicle transverse axis 
because ‘ra everse motions of the engine block during acceleration of the 
vehicle have a disadvantageous effect on the sense of comfort. 


The trequency range of the vehicle acoustics is involved in none of the for- 
mulations of the problem which have been gentioned above. Because of the 














dominant role of structural resonances over the entire hearing range hitherto 
only experimental methods have proven themselves. 


The best indications for the positioning of the engine bearing were to be 
obtained by means of the following procedure: 


a) Scanning an engine suspended on very soft springs, the scanning being 
done with acceleration pickups along the stiffer portions of the housing 
which could be suitable for the attachment of bearing brackets. Since in 
the case of in-line four-cylinder engines the free mass forces of the second 
engine order are dominant and in the direction of the pistons cause approxi- 
mately 15-20-db higher vibration level than in the plane perpendicular 
thereto one can at first limit oneself to this preferred direction. 


The engine should be optimized at the outset so as to make it resonance-free 
in this frequency range. 


The result is an envelope curve of acceleration amplitude (sufficient with- 
out assigning phases) from which one can infer the “zones of relative quiet 
on the engine block (Figure 3.1). Contained principally therein is the 
rigid body reaction with a salient instantaneous pole. The instantaneous 
pole distance from the CC is (symbols as in sketch) 





¥o * O/(a + M),. 

The deflections at the bearing points i are 

xy = (1 - [(a + M)/O)yi) (@/M)Ar 

and the associated oscillatory accelerations are 

xi = -xjw* 

Engine block with inertia force F, with 


0, M and oscillating mass @ and crank 
radius r 
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b) Record of the transfer function resulting from impact excitation or sinu- 
soidal excitation at possible locations of engine mounts in the vehicle 
structure (points of body-conducted sound introduction); record based upon 
sound measurement at the ear. 


c) Evaluation of vibration level contribution according to a and car body 


sensitivity according to » through superposition of both geasured values for 
the geometrically corresponding points. For this it is really necessary to 
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know in advance a problematic resonance increase in the interior noise for 
the particular design presented and this, because of the secondary sound 
transmission pathways, is not completely possible on the basis of this 
study of a single path. Therefore the process must be carried out several 
times iteratively after an approximate evaluation of the alternative solu- 
tions becomes directly determinable. 


3.3. Design Configuration 


An engine mount configuration was produced in accordance with the scheme of 
Figure 3.2: 


Two ring mounts arranged as symmetrically as possible on the right and left, 
a conventional mount with displacement stop at the rear at the transmission 
and a turning moment support in a bell forward at the transverse support. 
The ring mount has some special features (Figure 3.3). The tubular mount 
body is pressed into a receptable which is also ring-shaped and has the same 
elastic properties; this mount body is kept in the longitudinal direction of 
the vehicle only by friction. The lateral volumes of rubber are stressed in 
shear in the principal direction of motion of the engine and in the primary 
direction of the high-frequency vibration amplitudes (piston direction). 


The buffer-shaped conformation of the rubber volume around the inner support 
capsule creates the required overload stops with progressively increasing 
case-hardening value. The longitudinal forces are each reacted by a pair of 
knubs (Figure 3.3a) integral with the rubber body. It has become apparent 
that at the highest engine mount stresses very large strain gradients occur 
at these knubs. Therefore for these models a changeover was made to filler 
disks having the same acoustic effect (Figure 3.3b). All ring mount vari- 
ants are fail-safe and have damping values shown in Figure 3.4. 


The point of turning moment reaction has a very flat case-hardening charac~- 
teristic. Its function is to compensate the short engine mount base, re- 
quired by the construction principle, around the vehi. le transverse axis. 
For the third and fourth gear the working point is in the flat part of the 
characteristic. Only when there is a sharp acceleration in the lower gears 
does this engine mount go into a very steep branch of the characteristic and 
thus limits the turning angle of the engine. 


4. The Drive Shafts 


The drive shafts are metallic bridges for body-conducted sound having a 
transmission characteristic determined by the play between the flanks and 
the balls of the synchronous shaft and the bending eigen-frequencies of the 
shaft. 


In order to clean up the frequency range of the second engine order the 
drive shaft gust be designed relative to its first bending eigesa-frequency 
at about 60 Hz (supercritical) or at at least 200 Hz (subcritical). in the 




















Golf both drive shafts--left as a short full shaft and on the right as a 
longer hollow shaft--are designed at 200 Hz (calculated as a continuum hav- 


ing an articulated bearing). 
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Oscillation acceleration level in direction of piston movements 
traced along the external skin of the drive unit and repre- 
sented as local values. The enveloping parameter has been de- 
rived from the individual phase images. 


Figure 3.1. 


Key: » Ordnung der n,_.--Second order of ny, 
Hue llxurve--Enveiope curve 


Rubber shafts for which the driving moment is dimensioned led to internal 
stresses in the engine mount associated with the bending angles and the 


bending angle changes in the sprung region because of unavoidable bending 
stiffness. This would weaken the effects of the prescribed optimizing work 
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on the engine mounts and would cause corresponding elevations of the inter- 
nal noise level. 
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, Figure 3.3. Annular bearing: a) 


| 2 — with integrated burls 
4 for support of the lon- 
—ay gitudinal forces; b) 
with washers. 
Figure 3.2. Bearing principle for 
the Golf engine (ex- 
plained in the text). 


Glass-fiber or carbon-fiber strengthened drive shafts display some advan- 
tages with regard to the damping of body-conducted sound; however, there are 
still problems to be solved in adaptation to the metallic design components 
and arising from the requirement for torsionally stiff design. To what ex- 
tent the result is producible on a large scale in an acceptable price range 
remains to be clarified system-analytically. 


At the present time there is no available alternative to the metallic drive 
shaft. 


There remains for this transmission path the possibility of increasing the 
damping in the spring-leg gsounting which was introduced in the Golf by mak- 
ing a transition to the somewhat more costly vulcanized shear-stressed ring 
mount. 


5. The Cavity Resonances 


Every vehicle interior has cavity resonances with associated eigen-modes. 
The unpleasant feature of this is that even at very small energy values at 
the base of such an eigen-mode suffice to produce intense level-elevations 
at the vibration peak. The skill of the vehicle acoustician consists in 
displacing the vibration peaks, i.e., the sound pressure maxima, out of the 
hearing zone of the vehicle occupants. 


























Pigure 3.4. Representation of the bearing attenuation for the second engine 
order. Measuring of the oscillation acceleration level (verti- 
cal) ahead and behind the right-hand engine bearing; included 
are the attenuation characteristics of all structural influ- 
ences. 


Key: 1. Right-hand engine bearing 
2. Behind right-hand bearing 


Figure 5.1 shows in an example for the outline of an interior space the typ- 
ical situation of the nodal lines aad the associated frequencies for a two- 
dimensional computing model. 


Figure 5.1. Typical cave modes within the vehicle as flat representation. 
The mode ‘ines are prominent and the appertaining resonance 
frequencies are stated. 


The theoretical investigation turns out, however, to be a tool having lie- 
ited predictive capability: 


For spaces of specific size and for typical interior space shapes almost 
identical nodal patterns result with only emall variation in the associated 
eigen-frequencies for the two-dimensional model with sound-hard boundaries. 
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Damping by means of an inner cladding and--to a still greater extent--struc- 
tural coupling create entirely different boundary conditions which have 
hitherto been accessible to no computational model for the acoustically in- 


teresting frequency range. 


Since the elgen-shapes for each cavity resonance frequency are different and 
in three-dimensional space are bounded by geometrically curved nodal sur- 
faces the difficulty of the problem is at once apparent. 


The possible measures to be adopted are in addition very limited since a 
damping of the radiating surfaces can hardly be made effective for the fre- 
quency range which has been mentioned: 


An effective sandwich structure should have a thickness of one-quarter of 
the shaft length; thinner designs become increasingly ineffective. In the 
example AZ of Figure 5.1 one gets for 145 Hz a shaft length of 2.3 =. This 
makes clear what can be expected of damping procedures which are really fea- 
sible in the passenger automobile (at about 20-am and a maximus of 30-m=m 
layer thickness) in this frequency range. 


Damping procedures cost internal space, structural weight and can very often 
not be applied to intensely radiating surfaces (e.g., window surfaces). 


Therefore in the Golf another expedient was found by actually enlarging the 
interior space: the reflection characteristic of the tilted rear window in 
its floating gount was used to couple in the baggage space acoustically. To 
this end the folding cover (hat stowage) was made acoustically transparent 
by means of a perforation and the large-area baggage space floor acousti- 
cally decoupled. In order not to obtain an amplified incidence into the in- 
terior space from the high-frequency noise components of the exhaust system 
as well as from water spray in the wheel housings the acoustic transparency 
was limited to the low frequencies. Thus the folding cover is designed as a 
low-pass filter. 


6. The Damping Design 


The damping in the interior space, which over and above the cladding cost 
constitutes a comparatively simple technical problem for the higher-fre- 
quency noise components, acquires its difficulty from the need to strike a 
balance between costs, construction space and weight on the one hand and the 
desired noise coufort on the other hand. The following systems for front- 
wall-to-floor damping are conventional: 


a) A eingle flat portion in the front wall section consisting of a heavy 
layer and - springy fleece material with the carpet above it in the floor 
area and a filler material to balance out irregularities. 


b) A shaped portion in the front wall and in the floor section which follows 
the three-dimensional floor structure, consisting of a shape-stable EVA 














heavy layer or EPDM heavy layer filled up with barium sulfate ["Schwerspat™) 
foamed in the rear with shaped foam which is as soft as possible which at 
the same time balances the floor and front wall irregularities. 


«) A shaped portion like that under b with an extremely flexible heavy layer 
on a bitumen basis, however, without the typical cold fracture brittleness 
of unaged bitumen layers (e.g., through the addition of EVA), supported by a 
fiber-fleece layer bound with synthetic resin which is press-formed for bet- 
ter shape stability. 


d) A shaped carpet with a lined heavy leyer of type b lying on a fleece or 
foam springy layer. 


The a design was the point of departure for the sandwich development; it is 
still used in the classical style today occasionally for less expensive mod- 
els. 


The b design represents acoustically a compromise. in order to guarantee 

transportability, storability and ease of assembly the covering layer gust 
take over the supporting function for shape stability and hence gust be de- 
signed with greater bending stiffness. This contradicts the ideal require- 
ment of a heavy layer which shall be as flexible as possible. The ideally 
soft spring characteristic of the foam backing compensates for this disad- 


vantage. 
The c design contains this compromise in the opposite direction: 


The development of an extremely flexible heavy layer makes it necessary to 
transfer the supporting function to the spring layer. By admixing synthetic 
resin in the fiber-fleece up to about 38 percent the spring becomes rela- 
tively hard. Nevertheless, this development was pur sed in cooperation with 
the supplier industry because from the outset a price advantage combines 
with at least equally good acoustic values was expected. After having even 
obtained in the final design a definite trend toward acoustic improvement as 
compared with the more scattered [results?) of fosam-based mat an interesting 
alternative was encountered here which had previously been used in the Golf 
diesel model. 


As a result of the availability of an extremely flexible heavy layer which 
shapes itself under its own weight to every geometric contour without form 
ing cavities (e.g., by forming stays as in the case of a-type cover layers) 
there arose the problem of combining with this the advantages of a soft 
springy layer. This eliminated the foam springy layer simply because the 
sound conductivity parallel to the heavy layer is very large vith the result 
that perforations and cut edges produced acoustic leaks. 


But by slimming down the fiber-fleece in terms of weight per unit area, den- 
sity and the admixture of synthetic resin one obtained on the other hand a 
comparably soft spring without the disadvantages of acoustic transverse 
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transport; this was because of the excellent absorption of this material. 

In addition a flat portion of this sandwich construction displays a hitherto 
unknown fore-fitting behavior so that even the three-disensionally bent con- 
tours could be dealt with successfully using suitable cuts. 


The flat portion in this design in the assembled state therefore no longer 
resembles the classical cheap flat portion for plane surfaces in accordance 
with a. 


As echematically described in Table 2 a sandwich in the front wall ares, for 
example, is penetrated by direct airborne sound radiation and simultaneously 
excited to vibration by the body-conducted sound-excited supporting layer. 
Moreover, the damping element yields perforations for the operating elements 
of the vehicle which ganifest themselves as an acoustic leak. Since pure 
irradiation by airborne sound as described, for example, in [3], permits only 
partial predictions work is going on on the development of sandwich construc- 
tion having combined body-conducted sound and air-conducted sound excitation 
(APAMAT method). This method of testing is also inadequate for damping sys- 
tems and derumbling systems in the region of pure secondary acoustic radia- 
tion (e.g., in the roof area) or in the region of preponderantly secondary 
acoustic radiation (e.g., in the floor area with superposed floor reflection 
components). Regardless of the laboratory methods which may have been used 
to develop a damping package the result is tested and optimized in the vehi- 
cle for various types of excitation (secoustic irradiation, examination on a 
test stand using engine excitation, driving test and rolling-to-a-stop test). 


For the present sound-damping package the system selection was preceded by 
preparatory laboratory tests of the following type: 


The leak sites unavoidable in design were simulated in order to clarify the 
principal differences existing among the systems. Comparison of Figures 6.1, 
6.2 and 6.3 compares foam spring material with fiber-fleece spring material 
for the same structural size and the same covering layer. It turns out that 
the fiber-fleece substructure reacts with essentially less sensitivity to 
perforations than does the foam substructure if one compares the frequency 
analysis of the sound level in the receiver cabin. Because of the obvious 
advantages in terms of cost and transport as well as in terms cf greater 
flexibility in modifications or in adaptations of capacity and because of 
the prefabricated assembly feature of the newly developed plan subsystes 
conversion over to this technology has already taken place in the Golf pro- 
duction line. 


7. The Design of the Exhaust Systen 


Most exhaust systems of European vehicles contain in their sound-damping de- 
vices absorptive material in the form of rock woo] ["Basaltwolle”]. This is 
the method, for example, of damping the high-frequency blaring components in 
the noise radiated at the mouth of an exhaust system. The latter nolse com 
ponents affect not only the legally limited maximum level in the 150-noise 








measurement for accelerated overtaking speeds but would 
unpleasant “tin-can sound.” 


aleo give rise to an 
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wich material APAMAT. The 
values obtained are shown in 
comparison with those ob- 
tained with the necessary 
throughholes in laminated 
materials of foams and non- 
resinated cotton (BWF) with 
the same cover layer with a 
unit area weight of 6 kg/e’. 
Studied are the levels in 
the test cab within the 250- 
Hz tertiary range and 
higher. Sandwich gaterial 
on a foam basis is auch more 
affected by throughholes 
than are BWF materials. 
These results could be sub- 
stantiated. 
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and of rock wool quilted into paper mats in the primary acoustic damper. 
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as long a time as this requirement acquires prior 
the further extension of life of exhaust systems: since the dDrittie (some- 
what like glass fibers) materia! 
tack of acids in the exhaust co : 
mechanical stresses resulting from the pulsating hot exhaust fiow the sin- 


eral wool tends to become eroded. 


Simul. taceousiy Bust oe exposec to tne ae 


This process can be dulayed but not entirely suppressec some vehicle ganu- 
facturers therefore design their acoustic dampers without adsorptive sate- 
rial but. nevertheless, fill thems with mineral wool in the interest of iz- 
roving acoustic comfort. 
By deciding to develop an American aiternative to procuction in Westmoreland 
there arose close cooperation between the development staff of Vw Wolfsburg 
and the Maremont Compan, (Chicago), the latter supplying their experience 
with the “wool-less” systems conventional in the United States. Thus in 
, ‘ 


close cooperation with the American partner there a € @ prefabricated 4s- 
sembly system for an exhaust systes 
versions: Rabbit, K-Jetronic with p 
Rabbit, KeJetronic with nverter (C 
acoustic dampers. 


thout wool filling fc 
mary acoustic campers (U.5 
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lo this end the developmental target of the engineering was to achieve at 
a. noise levels inside and out which are as low 4 . se procuceg OY tne 
German system using primary acoustic dampers, 

equai engine torque, 
. @qual g@axigua povwe,. 


This system offers a good point of departure for further development. 
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Text) At @ cress conference on 7 June 1979, 28 number of measures concernec 
with innovetion oolicy were announcec by Ancre Giraud, sinister of industry, 
end Pierre Aiorein, state secretary for reseearcn. 


Tee first measure concerns the establishment of the Innovetion Lommission; 
the second concerns reoroenization of AWAR (Netionel Agency for Valorization 
of Yeseerch). wiich hes since been tne ob fect of 8 decree. 


wo other decrees on Aic to Innovation anc Premiuns for innovetion neve e@iso 
recently been issuec. 


isc article ex@rines these ew "eesurTes. 
Tne Inno -etion Commission 


~e? innovetion solicy constitutes one of the essential factors in tne re- 
~tentation of the French economy to the new worle situation. The campeti- 
tiveness of french industry depends essentially on its capecity to innovete, 
thet is, to conceive, implement, and mervet new products or processes. 


‘his context, the minister of industry enc the stete secretary fo: research 
e instituted the Innovation Commission wiich will be presided by Bbernerc 
elemelme, director of tlf-fquiteine Scientific ond Technical “esesrch and 
eresident of Witt (Netionel Associetion for Technicel "esearch). The con 
mi ssior 


economist 


is composed of 20 merbers chosen arora technicel experts, scientists, 
s, sociologists, creative ertists, anc others, so es to involve all 


— — ‘+ 7 " * + 
erees contributing to innovation. 


»v 


— 


~e Inno -etion Commission will nave the follawinc functions: ‘to discern 
trends in the evolution of technical orogress in ‘rence end @rosd; to 
icentify ereas were innovation efforts can increase the conmetitivenress 











of t rencn) economy; tc ascertain the social impact of new technological 
mi to nmrooose nolicies for the encourmerent of innovetion in 
tie inwwative capecities of enternrises and in crientin: tre 
ie ! of thes: discoveries tower’ the common onoc. 


8 remission will neve no 9anic resoonmsihilities in the mana jerme»nt 


y the licy of aic te innovetion, wich will nenceforth be isplenmented by 

is —X 

Ine merpers cf the innovation Lowrission ere: 

ernarc Delapalme, cirector of tif-Aquiteine Scientific and fechnicel esearch; 
Morie Aupertinr, oresident of the Netionel Consumer Institute; 


Michel _rozier, director of the Center for the Sociclooy of Organizations et 
the CS (Netional Center for Scientific esearch); 

y Denielou, presicent of tre Technology University et Ccapiegne; 
Michele *ardeou, orofessor of Economics; 
Pierre fourre, secretery general at SAGEM [expansion unknow); 
Jean-Louis Funck frenteno, orofessor at Necker Hospital; 

emiel Garric, journelist; 
Jean-Louis Gergorin, director of Center for Anelysis aw Projections eat the 
Ministry of Foreign Affeirs; 
Francois Gros, professor at the Ucllece de fre ce; 

erorcd Joulin, sresident anc cenerel manager of Pain Jacquet; 
immarwel Le Roy Laturie, orofessor et the College de ‘rence; 

ivien Levy Garboue, deputy with the Gengque de f rence; 

enis Merce, cirector of the Frerchn Textile Institute; 
Miche] Massenet, president of the administrative council of the Netional 
reesury for Historicel Sites and Monuments; 

encois Perrin Pelletier, president of the cirectorete of Cnrysler-? race; 
acques Poly, generai director of tne Netionel Institute of Agricultural 
esrsarc', 
jean-Joseph feqent, president of the Loire-Atlantique Chamber of Commerce; 
Victor Vesarely, ertist; 

fnri Vidal, architect. 


F 





Toe Innovation Commission res already held two workshops, on June 7 and July 3. 
Two commission recording secreceri+¢s have been naned: Mr Worms end Mr Terdy. 
eorgeanization of AivA? 

rnenizetior ond operation of AWA (decree of 13 July 1979. BD of 2e-7-79) 
"VA? is ® public institution with incustrial end commerciel attriputes, 
unrier the supervision of the ministry of industry. Its missin is to 

stilize the results of scientific end technical reseerch, end to croncte 


technologicel innovetion and progress. It is also empowered to sominister 
or allocete public eid to research and innovation under terms set by cecree.” 
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The director of the general celegetion for scientific anc tectmical research; 
Tre director of the Dudoet or his renoresentetive; 

[we director of the treasury cr his representetive; 

The director of tre netional institute of industrial property; 

& representative of the ministry of universities; 

A representative of the cermanent assembly of the chambers of commerce aw 
industry nominated for three years by the minister of industry; 

Five qualified pe-sonalities namineted by the minister of industry for three 
veers." 


"Tne finance end accounting operetions of the ajency ere set by cecree of 
the minister of the budget end the minister of industry." 


Ihe renional role of AWAR hes been e=aphesized: 
"SER may form regional celegetions. 


An orientation committee representing the economic end scientific elements 
concerred, is formed for each regional celejetion. The committee is kept 
informec o” activities end contributes «advice and opinion on the actions of 
the deleoetion. The committee's composition is set by decree of the minister 
of inucistry beset on proposal by the agency's generel cirector end with 
eivice from the xtministretive courcil. 


Seperate accounting is kept for each regional delegation. The accounts list 
funds ant subsidies from regional and local sources, a5 well as their use." 


"All agency action concerning inventions by private essocistions or enter- 
orices es well as by individual inventors, is subject to advice by an 
inventions commission, whose members ere named by the generel cirector 
mder conditions set by the acministretive council. This comission may 
hold netional or regional sessions. 


hublic eid alloceted by the roency is determined by the generel director 
efter eartvice by @ commissicn wich may hold national or regional sessions." 


yristian Marbach, “hief Engineer of Mines and e member of the AW?T acminis- 
trative council, hes been nemec general director of ANVAR. 


Aid to Innovetion 

The new orocedure for sid to innovation replaces the former procedures of 
nid to ore-development and development. It was decreed on 13 July 1979 
(WD Ale7-79). 


"The oh ject of aic to innovation is to cromote technological innovation 
anc p:onress. 
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Hiiki monitors the oroper execution of the agreements, enc it ensures their 
tec'miceal anc financiel supervision." 


Inmmnovetion Premium 
This new procedure wes cecreed on 13 July 1979 (WU 20-7-79). 


“In order to contribute to the cevelopment of innovation and technology in 
industry, the innovetion cremium is dcesionec to encourage smell and meciun- 
size enterprises to heve recourse, in their reseerch activities, to outsice 
resources, such es accrecitec public or privete research orgmizetions aw 
scientific enc tec™ical experts. 


"ecipients of innovetion premiums are enterprises with 2a work force smaller 
than 2000, enc the mejority of whose capitel is not hele directly or in- 
cirectly Dy one or several commies listec on amy French or foreign stock 
exchame. 


The amount of the premium is set et 255 of the sum effectively disbursed to 
the accreditec research orgmizetion or expert, to the limit of 1 million 
francs oer entertrise per year. The premium cannot be added to another 
public eid in cormection with the sane progrer. 


Expenses incurred ageinst the premium mey beer on reseerch for perfecting 
new or improved preducts or processes, eas well as theoretical studies and 
protections for tec’micel processes. 

Aocroval is orantect by AWm. 


Innovation premiums are cisbursec by AIVAR. 


Innovation oremium funding is inclucec in the budget of the ministry of 
incusgtry.”* 


17,022 
3: 3102 
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Boe VLERIRAL SSi SGA LALE LAU Ley 
raris Le PRaUURES itlnhieut 16 rreach BO 14/79 pp ly-ci 


(| ouamerses of speecnes cy ainisters; tecnnicai cGescription of new service, 


.ieat), WH ce wunme, rierre aidgrain, secretary cl state ior research, anc 
worvert SedarG, secretary Of state ior Gaeiis afw tle.iecogéunications, 
imauguratec tne rrencn VLentrai iniorwation service (str), Guiit oy tne 
\@,eSystemes COGpeny oC iAnstesiew SL Cie 81 00NMC- SOptiia-ahlipo.iis VLOmpiea. 


rO..sOwing are Sumearies Of tne Speecnes given Oy the sinisters, S25 weii as a 
-ecnnmicasa vescription of tne service. 


»speecn uy rierre aiaraein 


ihe hationai inftorgation Venter is one of the wey units of tne systes which 
tne government intengs to instaii 45 part of its poiicy om tecnmic.-. ana 
scientitic inioraation. 


at the ros~iticaia Leves 


ime Capadciiity of storing scientific and technicai inftor@gation is @ Source 
at yprewer. ine nationas pvaicy in tHis respect is UNIT OLGi ng in taree Sa jor 
si rections: 


supporting tne estadiisiment of intormation systeuas; 
wastering tne €apioitelion of tnese systeas; 
encoura@, ing the utliiization of tnis iniorgation. 


i) tact, reiiance on foreican scientific ang tecnnmical information raises tne 
risk of Cuiturai alienation, cecause iniormation canne” be dissociated froa 
its organization ang storage. An enor@ous area Of i’. excnange «i 
inftor@ation iS O@ing Organized, ana rrance canmot ftaii to participate in it. 














et tne coomomic Levees 


ime gQuaiity of iniorgation cetersines tne potential tor discovering new 
utiiization approacnes to tue funcasental celesents in our ceveiopseent, such 
43 €fe€fey 20G proviees is tne Giversilication anc isprovesent of 
tecnnmoiogical processes in rrench enterprises. A414 inovwation is aisost 
inevitably sudject to goou scientific anc technical iniorsation. 





scientific amu tecnnicei infore@ation ‘s aiso essential for exportation, in 
orver to secure foreign Garaets auc ©: tavlisn familiarity witan tne provucts 
cf our country’s tecnnoiogy. 


at toe ocientific Level 


.forwation is of sajor isportaence. Aa country’s efforts in scientific 
researcn are justifieo oy tne fact tmat they o1i0e the country to ocenelit 
irom aii tne research oceing concucteo throughout tne world. sut tocay, tne 
ceveiopment of scientilic proguction anc tue couplexity of researcn caii tor 
tne Ofgenization of this iniorwation. 


ine national service VLenter 


ime or project sust ve competitive in orver to geet tne Girect anc iree 
COapetition of aserican, tritisn, and veraan services. it was tnereiore 
appropriate to entrust this project to a cogpany with 4 very diversified 
experience in tne fieic of information processing and resote processing, 
ana Capeuvile of Gahaging such 4 System: tnat is tne reason for seiecting 
leiesystemes (115, nue Gu cac, 75007 raris, tel. 544-305-960). 


ine role of tne state is to indicate tne aajor orientations of tne project, 
ana to essure tnat ali mational users oeneiit from this type of service. 


\t gay nave veen felt that this was 4 prestige operation. it aust tnereiore 
ve pointes out tat the numvcer of rrench users Caliing upon Ager can 
conversational information systews i8 growing: trafiic wits tne US aaourts 
LO OV,JvU Queries per year (iatest xnown figures), representing a sus of 
approaicateiy 15 giilion trancs. if tne gajority of these users were to 
Suitt to Telesysteses now, tne Sir project would becose profitacie at once. 
moreover, Contacts Save oceen sade with wany potentiai foreign users. at tue 
sume tiee, tne center wili sake extensive use of the networns currentiy 
veing iastaeiiec in rrance (IlmAnSFAC) ano in turope (launching of tne cunvhcl 
network, ([OisOwing cConcertec efforts within tne suropean Community to try to 
foraulate a curopean poiicy on tne issue of information). 


ia. WP project i8 weii Suited to the needs afc Beans Of france; vut tue 
center wii Have LO 208pt tO new tecnhnmoiogicai Geveiousents, such as 
¥Viseogivcs, GZinicouputers, ana gicrocosputers. specific resources wiii 
tneretore ve set asige irog tne generai funds aiiocated to scientific ang 
techimicai inforwation, for the appiication o these sew tecnnoiogies to the 
processing of this information. 




















vive Ol toe comcernms that is generassy €Apresses aucut tue Oreoses use oO! 
telematics, is that tee gumver of JOOS wiii Gecrease a5 4 resuit of 
procuctivity isprovesents enc automation. if iect, tne teiesstics networa 
wii create Otner ous een0ciatec Bit the instsisation of tne few systenus, 
Laeir operetion, em their eaintenance. 


reie of tne naiis and lelecommunmications acuinistration 


ime role Of thls SuUSiGiStration wust oe stated Cieseriy SO 45 tO SVULG &h) 

ei sunserstencings. ine Omiy purpose Of te. ecogwurmications is to provide tue 
iteispensecie Support tor tHe geveiope@ent of these new services: they aust 
insteii the geans of Conmection cetween tHe iniorgation processors 400 
potectias users. 


ime gOai is to igprove tne Gagmituce a:0 Quaiity Of metworas, anc at 
ouepetitive prices, of custosers’ terminals: {(AANSALL, & specializes 
wuwerTicai ceteoOra, wisi thus Oe created if lyO5, O96 tne sateiiite ielLewwt i 
wisi provice 4 Support acaptesc to tne huge traific which wisi ce generated 
Oy toese few Services. if NO Cane, .gCept in traditionai areas Such as 
girectories, wiii toe auesinistration intervene a5 4 service faciiity. 


Jur economic strengats, tue iaprovesent oi our Sociai COnGitions, @n30 our 
Cuitura: iventity are d0ing taorougs @ iarge eiiort in the teiegatics anu 
sata Cann Goeains. 


ly?y sist of Gata Sases 


Vaochnun ly7TeoaA hemistry 
(LAL, Since ly7¥; 1,@0U,00U Citations; availacle septescer iy7y 
Leh (NIL) bioewnemistry, Siclcey 


since 1965; 400,000 Citations; avaeiiad’. sune ly7y 


fae (LARo- thie ineering phySicai anc techmical sc ences 

.ntoreascience) rure ana applied chesistry, chemical physics, 
Cry staliograpny 

Pf aolaélLeveuut bartn sciences (in coliadoration wits bruh) 


Lite sciences and gecdicine 
Since iy/3; 3,00U,U00 Citations; avaiiabcie septesoer iy7y 


Lablenhel | lune Lancer 
wusStave nmoussy 
institute) Since jiyo6; 120,000 ¢c! ‘ations; available ena of May ly7y 


iidwes (t(lirerrencn Teatiies 
je@atisie inst.) Since iyoo, 100,000 Citations; avaiiabie end of i¥yTy 


corto (ciectr. tvt Gocusentation resources 
a. erence) since iy72; 175,000 citations; availavie June iv/y 
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Sestvk ( Rtocve econcusy, [.mances, social topics, ems agricuiteurel 
ASSOC ation) training 
Since 1y74; o3,UUU0 Citations; — 


ine ventral inforwation service 
VP iain anc lLaportance of the Vperation 


infore@ation «fe Gocupentalion are becoming increasingiy important in tovay"s 
worac, paerticuiariy in toe tieic of scientific ane tecnmicai research. A 
funcasenteai revoiution is tacing place in tne tield of inforastion 
processing en6 comsaunications. 


ime COMBIGEraevle Technologic progress scnieved in the fieis Of teiematics 
(intorwation processing anu telecossunications) nas eace possicle the 
autcestion of a2 mumoer of Ololicograpnic resources, their conversational sove 
interrogsetion oy seans of speciaiizes Gocumentary progress, ano toeir sccess 
torough mationai anc international transsission networks. 


im@ @apicitation of twese [1168 Gegands sarge Gaechines, em6 Can Oniy rareiy 
be performed Oy privete Coeputers. speCiaiizes centers were tnereiore 
creates, Seginning with toe United states (in ly70-i971). rrencn users nave 
haa sccess to Agerican centers since iy74 tarougn tae Timke! networa. 

iogay, Our country’s use of foreign centers represents neariy <500 hours oi 
connection tise (or nearly 100,000 queries per year). 


An investigation conducted oy the State secretariat for nesearon, on tne 
topic Of metworks ane systecs of scientific research, has ieco to 4 project 
lor ah urgent inception on rrenen soil, Of the enpioitaetion of sajor 
wicliOgrapnic Systeas tnrougn the instalistion of 4&4 central service. 


[ne hational oureau tor scientific anc iecnnical inforwation (phlei), in tne 
yerson Of its rerwanent secretary, Jacques m’ shel, was ampong the first to 
worn toware the creation of this iarge centrei service. At the oeginning of 
‘y?6, tne pecretary ot state for nesearcn Geciged to entrust tne technical 
responsiviiity to lelesystemes, 4 coapany affiiliatec with tne Adsinistration 
ot mails ene Telecogeunications. 


*® jective 
ine olf Serves @ tripie purpose: 
aSeures toe inocepenvence ol rrenen research oy Gisseginating tne 


viciiograpnic ane factual inforgation conteines in tne woriu'’s sajor 
soCum@entaery resources. 


serves a5 dissesination vector for tne national gata Sanas torsec in our 
country Sy public anc private organitations. 
































rramce tia¥ aCQulfeu an extremely powerlui tool, Capatie Of Salisliying tne 
Seri envilic and tecnmuicai neecgs Of our country ang Ooi tne curopean -Ommunity . 
necds Wisicli unmtia how were wet “J foreign centers. ine icsesystemges center, 


whicn Cun process wore than 1U mliilon references, enavies rrance tu occupy 


a very nonoravie piace in tue woriu. 
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LAYING OF TRANS-MEDITERRANEAN CAS PIPELINE DESCRIBED 


Paris L* INDUSTRIE DU PETROLE in French Sep 79 pp 25-29 
[Article by G.F. Scurati, SNAM S.p.A.] 


[Text] In crder to increase natural gas imports into Italy and diversify 
supply sources SNAM signed with Somatrach a contract providing for the import 
from Algeria of about 12 billioms of cubic meters of natural gas. To trans- 
port this gas the pipeline solution was selected because preliminary studies 
have determined, at least in principle, the possibility of a sea crossing 
between Tunisia and Italy. 


The crossing involves a situation requiring the solution of problems which 
have never been met before, i.e. a detailed knowledge of the sea bed, which 
is highly irregular especially in the deepest area, the depth itself reaching 
500-600 m, and finally the behavior of the pipeline in the ambient conditions 
of the Strait of Messina. The GNL solution could have been substituted for 
the pipeline solution if, on the basis of subsequently conducted studies and 
tests, SNAM had rpoved the practical impossibility of achieving the submarine 
crossing. 


In 1973 SNAM decided that the first step in this research would be the laying 
of a pipeline of 273.0 mm (10 3/4") diameter in the Strait of Messina. In 

the event that the test should produce satisfactory results the pipeline laid 
would be used as the first part of the connection between the continental net- 


work of SNAM gas limes and Sicily. 


Snamprogetti, a company belonging to the ENI Group, which had already conducted 
studies on submarine pipelines, wes entrusted with the project and also with 
the supervision of the work. After studying the morphogeological conditions 

of the bottom and the condition of the sea (currents, waves, temperatures, 
etc.), a route of about 16 km, passing north of the Strait and along which the 
maximum current speed did not exceed 2.3 kmots and the depth did not exceed 

360 m, wus determined. 


At that time pipelines were laid at a maximm depth of 120-150 m (North Sea), 
and therefore the static and dynamic studies of the pipe during Paying were 




















conducted on the basis oi already acquired thecretical ideas, after which the 
practical results obtained to date were interpolated. 


SNAM chose a pipe of 273.0 mm (10 3/4") diameter made of X 52 steel of 15.88 m 
thickness on the basis of different factors, especially: 


The observation of the fact that for the first time the work would have to be 
conducted at a depth of about 350 m, high velocity currents being added to the 
difficulty. 


Ir 1974 SAIPEM S.p.A., also an ENI Group company, conducted the laying with 

a tioating barge, Castoro 5, provided with an articulated stinger. The 
operation met no unforeseen difficulties, and the agreement between the project 
data and the data obtained aboard the barge as the work progressed could be 
verified. The result of the hydraulic test was positive also. The pipeline 
was drained, dried, and filled with nitrogen until the construction of the 
other gas pipeline sections for connection to the network.. This work did not 
fail to disclose the necessity of a more precise and detailed knowledge of the 
sea bed along the pipeline route, and also of a coating improving the quality 
of the pipe and the barge equipment in contact therewith. It was observed 
also that it would be desirable to have experimental data on the laying rate 
in both static and dynamic conditions, 2:2 that it \would be necessary to know 
better the interaction between the pipeline and the barge during laying. 


Laying Test in the Strait of Sicily (1976) 


Two years later, in 1976, the opportunity arose to solve the problems dis- 
closed below on the occasion of a test on the laying of a pipeline at a 
great depth in the Strait of Sicily. This test confirmed the practical 
possibility of crossing the sea. This crossing constituted a section of the 
Algeria-Italy gas pipeline. The test was conducted by laying about 8 km of 
pipeline (4 km of 323.8 mm (12 3/4") diameter and 15.88 mm thickness, and 

4 km of 406.5 (16") diameter and 17.45 am thickness) from a depth of about 
120 m to a depth of about 550 a. 


Beside the goals already indicated in respect to the laying of the 273.0 

mm (10 3/3") diameter pipeline at Messina many others were proposed, i.e. tests 
of different types of coatings (weighting with concrete cannot be used at 

great depths since the resulting pipeline weight is incompatible with the 
available laying means); pipeline cutting and recovery test at a great depth; 
test of artificial supports bearing pipelines in free spans of excessive 
length, buckling simulation, etc. 


Surface-conducted sea bottom surveys were found insufficient at depths 
exceeding 100-150 m. When the bottom is rough or simply wrinkled--which is 

the case of the Strait of Messina at depths of more than 300 m-—-surface readings 
also apply to rough spots and blunt their contours. Therefore they cannot be 
used as a base either to determine the pipeline configuration after completion 
of the laying, or to verify during the project the pipe stability along a 

given route. 
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During, the submarine reconnaissance Campaign intended to deline 4 possibl: 
route in the area selected tor the tests after bathymetric esearcn conducted 
on the surface, the bottom surveying methods adopted were aga retined alread 
at the tigwge of this operation and further improved later. 

The computer processes on 4 time base the different data supplied by panoramic 
sonar, echo sounder, precision depth tinder, and tinally the positioning sys- 


tem of the submarine. The computer also reproduces tracks and profiles on the 
plotter with remarkable precision. 


Then the pipeline is placed on the profile, using a computer program showing 
the shape and the stress applied to the pipeline. This pipeline permitted the 
direct processing of data supplied aboard the submarine support ship as the 
submarine research campaign progressed. [It was possible also to determine as 
a first approximation whether the track followed was suitable or not for the 
laying of the pipeline. 


After the track had been selected, in 1976, SAIPEM laid pipe with the tloating 
barge Castoro 5 whose power and structures had been suitably modiiied for 
adaptation to the laying of tubes whose characteristics were within the limits 
provided for the test. The outer coatings tested produced satisfactory re- 
sults and indications useful for future selections. 


Epoxy coatings were found more resistant to shock and abrasion, but thei: 
highly smooth, low friction coefficient surface limited adhesion co tension 
rods. Hard rubber coatings exhibited good adhesion and shock resistance but 
appeared too flexible, so that sliding on the stinger rollers was impaired in 
the recovery phase. Polyethylene coatings exhibited more than satisfactory 
average properties, although none of these properties could be éetined as 
optimum, 


During the test the shape and movements of the tube line were measured by 
inserting in the test pipeline an instrument bar with extensometers and 
accelerometers. The data were transmitted on board by cables and processed 
to obtain in real time the inclination and the oscillations in the vertical 
and horizontal planes, as well as the stresses impressed on the steel. 


The same system was used, utilizing an instrumented pull head, to follow the 
trajectory of the pipeline head during the release and recovery phases. 


When the laying had been completed the pipeline was hydraulically tested and 
other tests were conducted, such as: a. After the water had been drained 
the pipeline was cut on the sea bottom at a depth of 500 m with an automatic 
machine requiring assistance only from the submarine. This test confirmed 
the possibility of recovering at great depth a pipeline damaged during laying 
operations and affected by wet buckle. 


It should be observed that the operation could not be conducted with divers, 
who generally csnnot work at depths of more than 200 m; and bh. Pipeline 
supports were emplaced to reduce the length of free spans. In this case also 
the submarine was the only agent at the bottom. 
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it should be noted that, with its crew and complex equipment, this submarine 
mans, also provided with working implements such as mechancial arms, drills, 
etc., was found highly useful and versatile. Therefore it was concluded that, 
in deep water laying, it was not only possible, but mandatory, to consider the 
submarine <s a working machine, rather than as a mere reconnaissance means. 


The: above-cited tests permit the verification of the computer programs and 
ether parameters of the project. 


They also provide relatively clear indications on the possibility of using 
pipes of large diameter even at great depths, especially in the event that 
increased swell stability could be added to the power of the laying means. 


In other words the result of the different tests was to show the possibility 
of crossing the Strait of Sicily without meeting unsurmountable difficulties. 


The Crossing of the Strait of Sicily 


On the basis of agreements between SNAM, an ENI Group company and the national 
enterprise Sonatrach, an Algerian national organization for hydrocarbon pro- 
duction and commericalization, it was resolved that the execution of the 
crossing of the Strait of Sicily would be the responsibility of the Trans- 
mediterranean Pipeline Co., Ltd. (TMPC), a firm with assets belonging to 

SNAM for 50 percent and to Sonatrach for 50 percent. In turn TMPC invited 
Snamprogetti to study, project and supervise the work on the gas pipeline which, 
with a length of about 160 km, using several lines, was to connect Cape Bon 

in Tunisia to Mayara del Vallo in Sicily. 


Several corridors considered suitable for the laying were mapped out within 
this area. These corridors were then inspected in several submarine campaigns 
which continued for 244 days, during which period the submarine sailed more 
than 1,000 km, 


The bottom was found auch more uneven than anticiapted, especially because 

of the presence of numerous steps. On the basis of the data processed by the 
computer these steps determined free spans of several hundred meters, which 
requires a line position too high above the bottom, a condition incompatible 
with the support system. 


At the end of this research it was still possible to locate two laying cor- 
ridors, as requested by the principal company. However, the maximum depth 
along these corridors reached 620 m., 


The current andswel] measuring campaign lasted one full year, and the re- 
sulting maximum speeds were 1.5 knot for the currents, 5.60 m for the waves, 
and the wave heiyht did not exceed 3 m during 87 percent of the year. 


The pipeline study and project, and the laying procedures were conducted during 
the above-described campaigns. 























lt was then possible to establish conclusively the tinal specilications of the 
gas pipeline which will consist of three 20" X 65 steel pipes of 19.05 and 
20.62 mm thickness. Some of the sections will be provided with buckle ar- 
restors, and the coating wil! be of polyethylene and the anodes of zinc. 

Along a portion of the track the pipeline will be weighted with concrete o! 
thickness varying between 7.5 and 5 cm. 


The fourth-generation semisubmersible barges were considered the most 
appropriate means to provide for great depth laying, especially due to their 
power and swell stability. 


The laying of the pipes is expected to begin at the end of 1979 and end at 
the end of 1980. The hydraulic test will be conducted at the end of the 
construction of each line, and the start preparation phase will be completed 
by washing with methanol. 


The Laying of the Other Pipelines in the Strait of Messina 


As stated above the crossing of the Strait begins with the laying of a line 
of 273.0 mm (10 3/4") diameter,and will be completed with the laying of three 
more lines of 508 mm (20") diameter. Two of these lines consist of SAW XK 65 
steel pipes of 17.48 and 20.62 mm thickness, coated with polyethylene and 
weighted with concrete. The third line consists of seamless X 52 steel pipes 
of 23.83 mm thickness, coated with polyethylene without weighting except in 
the vicinity of the coasts. The route extends for about 14.35 km, and is 
therefore shorter than the first. This route is located south of the latter, 
i.e. closer to the Strait where a corridor with better features, of maximum 
depth of 320 m, and also possible passages near the Calabrian coast, have 
been located. 





The current strength in this area is slightly greater, but still within 
acceptable limits. 


The gas pipeline construction work has begun in November 1978 with laying 
operations near the coasts, using the barge Castoro 5. However it was only 
in December that the laying of the first of the three lines of 508 mm (20") 
diameter was initiated. SAIPEM, the company responsible for the conduct of 
the work, uses a new semisubmersible barge, Castoro 6, especially designed 
to lay pipelines in deep waters. 


Special Difficulties Associated with Deep Water Pipelines 

Welding Properties 

In the case of land gas pipelines SNAM has always given special attention 
to the quality of the joint welds, to the extent of establishing defect 
acceptability criteria stricter than those admitted by the API 1104 speci- 


fications. Deep water submarine pipelines require the same, if not higher, 
strictness in respect to inspection. 
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The risk of separation of a laid pipeline due to welding defects must be 
reduced to practically zero. Actually, low bottom pipeline repair methods 

are still at the research and experiment stage, also because the problems posed 
by “deep" pipelines are themselves new problems. 


Therefore, in respect to submarine pipelines, SNAM has required a welding 
defect acceptance level higher by about 50 percent than the API specifications. 
At SNAM X-ray insepction is followed by ultrasonic insepction of 100 percent 

of the welds. The absolute necessity of the latter check appears totally 
obvious in the case of pipelines laid beyond a certain depth. Still more 
exacting strictness is required of the longitudinal weld of SAW pipes. But 

in this case it was determined that the specifications on destructive tests 
were more easy to observe because of the procedures used in the production 

of these welds. 


Free Spans 


Flat bottoms, even at the depth of 150 m reached for example in the North 
Sea, present no free span problem in connection with the route selection, 
Pipelines are buried in the sea bed, and free spans are eliminated, or at 
least reduced, as a result of this operation. 


On the contrary, in deep waters where a wrinkled bottom is more common, it 
is essential to locate a route presenting few free spans, or at least free 
spans of limited size. A remark already maus in this text is repeated here. 
Current action on the pipeline causes turbulences materialized by drag and 
lift forces tending to vibrate the pipeline. 


SNAM is now conducting real scale research on the effect of fatigue stresses 
in submarine pipelines. 


lt was therefore determined that cyclic stresses constitute a real risk for 
the material, especially in places containing defects which would be 
acceptable in other stress conditions. 


The trend is now to accept free spans which, because of the rigidity of the 
pipeline, do not vibrate in proportion to the span length. Excessively long 
free spans are also reduced to acceptable values by the introduction of an 
intermediate support. In 1976, during tests conducted in the Strait of Sicily, 
a particular type of support was tested, and the results were satisfactory. 

On the basis of present knowledge it can be stated that the system is oper- 
ational. 


Obviously the dimensions and different types of support must be adapted to 
the various bottoms, and also to the level of the pipeline above sea bottom. 


Aside from the problem of vibration it should be observed also that spans 
of excessive length could not resist filling with water in the hydraulic 
test or buckling. 
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Because of this the installation of supports as the iaying work progr 
was planned, using auxiliary spread, so that the pipeline condition af 
at least in this respect, immediately after the laying. 


Excavation in Deep Water 


One of the difficulties met in the crossing of the Strait of Sicily was tle 
need to rise above coral reefs extending perpendicularly to the Crack. 


The pipeline will be suspended between two coral barriers. Therefore it will 
be necessary to use a number of supports for the sole purpose of reducing the 
length of free spans. A more original solution has also been proposed, l|.e. 
the demolition of barriers across the width necessary tor the passage of the 
pipes which would then rest almost continuously on the sea bottom. The 
excavation will be conducted with explosives. A preliminary test conducted 
in 1978 to determine the possibility and effectiveness of blasting at great 
depths provided positive results. It will be observed that the use o! shaped 
charges permits a substantial limitation of the consequences of explosions 

on the environment. A charge fired at a distance of 10 m trom the pipe iaid 
during a test in 1976 caused no damage. There is assurance also that thw 
distance can be reduced at a later time without exceeding the safety limits 
of the pipeline. 


in 1978, in the Strait of Messina, some rock step rises were destroyed with 
shaped charges at a depth of about 180 m. Technicians of the University of 
Messina determined that the impact of the explosions on the marine medium 
was limited to a few meters around the explosion zone. 


Guided Launching 
it should be observed here that the precision of the actual laying in relation 


to the theoretical track is proportional to the depth and the ambient con- 
ditions at the time of laying: crosscurrent, swell, etc. 





Generally, if the bottom is flat, even in deep watevs, the laying tolerance 
may exceed 50 m without resulting in particular consequences. in contrast, 
when the passage route is predetermined and the pipes are parallel--for 
example in passages dug through the above-cited coral barriers--this tolerance 
must be severely reduced. In such cases guided launching is used, according 
to which the submarine, moved to the vicinity of the touchdown point, deter- 
mines that the pipeline correctly follows the planned track and transmits 
the necessary instructions to the laying barge. This method has provided 
for the laying of the pipeline of 273.0 mm (lo 3/4") diameter in the Strait 
of Messina, in a passage of 6 m width at a depth of 130 m, In respect to 
the final crossing, at Messina also, it is planned to lay three pipes of 

508 mm (20") diameter in a 45 m wide corridor in which the depth varies from 
60 to 180 om. 


There is reason already in stating that the guided launching of the first of 
the three above-cited pipelines, conducted at the beginning of 1970, permits 
a precision margin of a few meters. 
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